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ABSTRACT 


The recent accumulation of radiative decay rates for 
vector and pseudoscalar mesons has made a test of the 
theoretical models feasible. Since the standard quark model 
and nonet symmetry schemes are not in agreement with these 
data, alternatives must be sought. In this thesis, VPy 
schemes with symmetry breaking are examined. 

A hierarchy of possible symmetry breaking structures 
is outlined. All conceivable types of SU(3) and nonet 
symmetry breaking are discussed. Additional considerations, 
such as the OZI rule and vector meson dominance, are investi- 
gated. 

Mass splitting, an accepted example of SU(3) symmetry 
breaking, is used in two models to generate a symmetry 
breaking structure for the VPy vertex. While the predictions 
of these models certainly constitute an improvement over the 
nonet symmetry model predictions, total agreement with 
experimental measurements is not found. 

Several general symmetry breaking schemes are also 
examined. A number of models can explain most of the 
measured rates with notable exception of [(p7Ty). There 
appears to be an inconsistency between the measured value 
of this rate and vector meson dominance. Problems are also 
encountered with some processes involving n and n' but the 


measurements of these rates are recent and unsubstantiated. 
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Vector meson dominance is used to extend some of the 
more successful symmetry breaking VPy models to include other 
decay modes. The measured rates of the type P-yy, V>PPP and 
P>+PPy appear most compatible with a model which demonstrates 
nonet symmetry and SU(3) symmetry breaking. 

An SU(4) extension is also performed. No new problems 


arise in accounting for the measured radiative decay rates 


Of all the VPy schemes studied, the general VPy model 
with nonet symmetry and SU(3) symmetry breaking is the most 
successful. Not only is it phenomenologically justifiable, 
incorporating the OZI rule and using standard mixing angles, 
but te accounts ‘Lor a very wide variety of rates within SU.(3) 
and: SU.(4))\. 

The real problem is the incompatibility of the 
measured p>Ty rate and vector meson dominance. Given the 
successes of this last technique, it would be most desirable 


to repeat the measurement of I(p>+ Ty). 
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NOTATION 


V vector meson 

P pseudoscalar meson 
A vector potential 
Y photon 

B baryon 

gq quark 

u up quark 

d down quark 

S strange quark 

C charmed quark 

iz top quark 


b bottom quark 


OZI rule Okubo Zweig Iizuka rule 


VMD vector meson dominance 


PCAC partially conserved axial current 


>a bak 


: Vise 


~y Mates 
Weir mNboS cae 
ee 


mt | j y petit Dy 


eiun cat Wi thet i: 
CUT aS AC eee oO Pee 
iiss Lele Hay SRE yWiietiued 


= 


CHAP TE RG 1 


THE RADIATIVE, DECAYS OF VECTOR 


AND PSEUDOSCALAR MESONS 


1.1 Introduction to the Problem 

The radiative decays of vector and pseudoscalar mesons 
have received much experimental attention in the last few 
years. Decay widths have now been measured for w+ty, K*¥°+K°y, 
d>ny, ¢7>Ty, and p>Ty; upper bounds are available for the w-ny, 
o>ny, K*t+>Kty, n'>py and n'*-wy widths. Enough data have now 
been collected to provide a critical test of the theoretical 
models for radiative decays. 

The best determined rate is [(w>ty) = 880 + 60 Kev [1] 
which has been measured five times since 1967. The K*-Ky 
rates have been studied in two Primakoff effect experiments: 
(Kee eas) = Poe + BS Key §[ 2) pe Ket oR yy) s 80h Keyes (Sj. h ein a 
Similar experiment, Gobbi et al. [4] have found T(p-ry) = 


35 + 10 KeV. The Orsay group [5] obtained [($-rTry) = 


= 


5-9 + 2+1 KeV and I(¢-ny) = 62 + 15 KeV in an e'e experiment. 


This last rate is much lower than two previous measurements 
[6] and consistent with a recent one by Andrews et al. [7]. 


Andrews et al. also made the first measurements on the o-ny 


and w-ny widths; depending on the relative phases of the p 


and w amplitudes, they found T(p-ny) = 50 + 13 KeV and 
T{weny) = 3-0 in Kev or Peony = 76 Slo Kev and 
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Z 
[T(wrny) = 29 + 7 KeV. These fall well within the old bounds 
Pinos EGgsny) <«lL50gkKeVvnand) Eh (wony)-.<450eKeVeuaZanftino et al. 
[8] have measured the n'*wy partial width which together with 
the available n'>py partial width [1] gives Ir(n'+py) /T(n' wy) 
= 9°9 + 2°0; only upper bounds are available for the absolute 
widths [1] of these decays: [I(n'+py) < 300 KeV and I(n'>wy) 
< 50 KeV. 

Until the appearance of the recent data, no theoret- 
ical problems existed. The quark model [9], some strong 
anomaly calculations [10] and a vector meson dominance (VMD) 
scheme [11] were all in reasonable agreement. The only 
measured rate, I[(w>ry) ~ 1 MeV, could be explained ab initio. 
Assuming ideal mixing of vector mesons, it was anticipated 
POS omy) 2/7) 1 (oo>my), 92 = Not only did iT (ory) turn out a 
factor OL three too:.low, but Tr (K*°>+K°y) and (¢+ny) were also 
measured to be considerably lower than any of the models 
predicted. With I[(w>ry) = 880 + 60 KeV firmly established, 
the radiative decays of vector and pseudoscalar mesons 
clearly required further theoretical attention. 

Which assumptions of the traditional models could, if 
altered, lead to improved predictions for meson radiative 
decay widths? Could these assumptions be so altered without 
undoing previous successes in particle theory? The explana- 
tion of the radiative decays of vector and pseudoscalar mesons 
might involve a reassessment of the following unitary symmetry 
aspects of the traditional approaches: the multiplet 


assignment of the mesons and the electromagnetic current, 
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the choice of mixing angles, the use of the Okubo Zweig 
Tizuka (OZI) rule [12] and the nature of the symmetry 
Seruceure Of the VPY¥vamplitudes Win this thesis peit “fs this 


last possibility which is explored. 


1.2 Mesons, Quarks and Radiative Decays 
The JP°© ana unitary symmetry properties of the mesons 
can be explained by a simple quark model. Given quarks with 


, the lowest mass qq bound states are expected to be 


C = +l (pseudoscalar) and “Sy Co="=) i(wector) 
states in quark terms, the V>Py decay is an Ml transition 
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from the Sy to the ts qq bound state. While the quark 


model provides a picturesque description of the V>Py and 
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P+Vy processes, it is questionable whether it is the most 
useful computational model. 

In a quark model calculation of the VPY amplitude, 
several assumptions regarding the quark potentials or the 
quark wavefunctions must be made. While the general Lorentz 
structure of the Ml decay amplitude is fixed, some energy 
dependence awaits the specification of the meson overlap 
integrals. The usual long wavelength assumption suggests 
that these overlaps are unity and a VPY decay amplitude 
results which has the same form as that which results from 
treating the mesons as structureless particles. The quark 
model seems to complicate rather than clarify the kinematical 
aspects of the radiative decay calculation. 


The unitary symmetry part of the calculation may 
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also be discussed more easily on the meson level. Since the 
mesons themselves are assigned to unitary representations, it 
is much less cumbersome to work with two meson representations 
rather than four quark representations. Once the mesons have 
been built from aq States, ald) thesunreary vsymmerry sintorma— 
tion has been transferred to meson representatives. 

For these reasons, throughout most of this thesis 
computations are ventured on the meson level. Occasionally 
mention is made of the quark content of the mesons when the 
quark picture provides a vivid illustration of a physical 
principle. Some sample quark model calculations appear in 
Appendix I--these serve to indicate the correspondence between 


the two approaches. 


fom emp lementation Of Unitary Symmetry 

Unitary symmetry enters the radiative decay rate 
Calculation in two, ways. Eirst of all, the vector mesons 
(V) and the pseudoscalar mesons (P) are assigned to SU(3) 
malciplets and the SU(3)econtent of the photon’ (7) 1s 
specified. Then a Lagrangian is constructed which demon- 
strates certain transformation properties under SU(3) rota- 
tions. In this connection, the terms SU(3) symmetry and 
nonet symmetry must be defined. 

The vector mesons are assigned to an SU(3) octet 
(induces alk=o weand:an SU(3) Singlet Gindex 0). The SU(3) 
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The w and ¢ mesons are mixtures of the SU(3) singlet and the 
eighth member of the SU(3) octet: 


| w> = sin Ov | 8> + cos Oy |O> 


[= Coste, 28" = icin 0,7 |0> - (i2) 


me vectoremixing anglewoy tas usuallystakenhto be that of 
ideal mixing (and close to that determined by the quadratic 
mass formula), Ct tan a ay) Verso This deal “valuevor 
Ov gives w pure uu and dd quark content while $ has pure ss 
quark content. 
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The n and n' mesons are the following mixtures of the 


Singlet and octet: 
|n'>= Sint Op | 8> + cos a, | O> 


In >= cos Op |8> - sin 0, | 0> : (1.4) 
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where 95 is the pseudoscalar mixing angle. OD is usually 
taken to be -10°, the magnitude being deduced from the 
quadratic mass formula and the sign from I (n>yy)/T (1yy) 
experiments. 

The usual electromagnetic current is constructed 


from the third and eighth members of an SU(3) octet of 


currents: 
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The SU(3) content of the photon is seen to be 
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Other forms of a8 have been suggested [13] leading to more 
complicated versions of (1.5). This point is discussed in 
Appendix II. 

In the SU(3) symmetry scheme, an SU(3) rotationally 
invariant structure is given to the simplest minimally coupled, 
Lorentz and charge conjugation invariant Lagrangian which 
may be constructed from the vector (vi) and the pseudoscalar 
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Other SU(3) invariant structures could be considered in (1.6) 
but they either vanish (eg. Tr ae, ena) tr (p '8))) 
or depend linearly on those already used (eg. Tr ae 


Mee) Te (ei) ). 

Nonet symmetry is the special case of SU(3) symmetry 
in which the SU(3) octets and singlets couple with the same 
strenth (Jo=9)=G>)- In a model with nonet symmetry, only 
those processes which obey the OZI rule [12] are allowed-- 
any process for which the quark line diagram contains an 
individual disconnected initial or final state particle is 
forbidden. Since the OZI rule seems to hold in other areas 


of hadron physics, nonet symmetry is a likely ingredient for 


a meson radiative decay model. 
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To more easily implement nonet symmetry, it is con- 
venient to work directly, with nonets of particles: The SU(3) 
Lagrangian (1.6) may be rewritten: 
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Terms involving Al that do. not appear in’ (1.6) ‘are included 
in (1.7); these are of no consequence for radiative decays. 
The last two terms of (1.7) include traces over the internal 
degrees of freedom of individual particles. Since these 
terms can not be reexpressed to avoid such traces, these 
fermis constitute O4L violations. «lGis clear that. the 
(g,-Jo) term involves only the singlet part of P and that 

the (J,-Jo) term uses only the singlet part of V; these terms 
break nonet symmetry by giving singlets special roles. Nonet 


symmetry and, equivalently, adherance to the OZI rule are 
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achieved when Jo“91=95- 
In the next sections the predictions of the nonet 


model and the general SU(3) model are discussed. 


1.4 The Nonet Symmetry Scheme 

The Lagrangian with nonet symmetry which describes 
the radiative decay of vector and pseudoscalar mesons has 
only one coupling constant. The V>Py decay widths computed 
from such a Lagrangian are related simply by ratios of phase 
space factors and SU(3) Clebsch Gordan coefficients. 

The Lagrangian with nonet symmetry which describes 


the VPA interaction is: 
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The part of the Lagrangian (1.8) which describes the inter- 
action of the vector 2 (momentum Pa! polarization En) with 
the pseudoscalar ae (momentum p,) and a photon (momentum P, 
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where the photon index is 


ih te oll tn el = 
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and en 1S the SU(3) structure constant. The corresponding 
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where n is the density of final states, (=) . After simpli- 


Fication,.. the JD decay rate is 
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Since they have almost identical phase space factors. Assuming 


iaeatevector Muxing, (6-14) 359)), sit Ws predicted that 
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T(wety)/T (o>ty) vw 9 (Fo?) 
and furthermore that 
T(¢seary)/T(pery) = 0. (Tera 3) 


Ehaeywy-ny Should! be forbidden is anticipated--under the OZI 
rule, an ss state does not decay into a uu and dd state. 


Another ratio predicted by this nonet model is 
T (K*¥°sK°y) /T (K*¥ t2Kty) v 4. Cig) 


This ratio will be seen to be quite model dependent. 

In Table 1 are displayed the nonet predictions for 
several values of g,. Solution 1 uses g, = 0°656 Cavey this 
Veivicurs: Obtamed byetitting (€¢L.10) and (..21) to the sive 
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Kev ‘All its, Hn this and other chapters,. are linear least 
Squares fits to + p72 (y™pty) . The phase ambiguity is 
resolved by selecting the phases which yield the smallest 
ae these phases are always those of the amplitudes TyMp1- 


The problems with this model are evident in Table 1° 
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data. The rate [(g>mry) ~ 6 KeV might possibly be explained 


with a small deviation from ideal vector mixing; with a small 
uu/dd content, ¢>ry may proceed by an OZI allowed transition. 
However, the other rates remain mutually inconsistent. 
Solution 2 suggests that the rates for K*°+K°y, p>-ny and 

¢>+ny demonstrate the proper nonet ratios but that [I (w-tTy) 
Should be about 340 KeV. Unfortunately for the nonet model, 
T(wety) 1S well established at about 880 KeV. Solution 3, 
which fixes [(w>7y) = 880 KeV, indicates that the K*°>K°y, 
o>my and o>ny rates are actually a factor of 2°6 lower than 
the nonet predictions. Contrary to the belief of O'Donnell 
[14], the present data for radiative decays are not consistent 


with the nonet model. 


1252°The SU(3) Symmetry: Scheme 

Boal, Graham and Moffat [15] suggest that the nonet 
symmetry of section 1.4 may be too restrictive and that by 
simply demanding SU(3) symmetry, it may be possible to 
understand the radiative decays of vector and pseudoscalar 
mesons. 

The SU(3) Lagrangian (1.6) is used, with gj,=g, g =f! 
and g5=f. The kinematics are the same as in the nonet 


Caleulation.s The Vv Spey rate, takeseas form simimaryto (1.10): 
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ch eae) din Miplws ig. 278 
oe a on m= 1,...,8 (1.16) 
Join doin : & Fahy -een8 
The photon index is, as before, 
| n> = | 3> +h. | 8> 
3 
Piewcoupling constants gq, £ and £° are SU(3)) invariants. Lt 


they should all be equal, nonet symmetry is restored; if they 
Should be different, violations of the OZI rule occur. 
Independent of the choice of Oy and Op a number of 
observations may be made. The ratio Ff (K*%K°y)/r (o+ry ) 
Maintains its experimentally substantiated nonet value-- 
Since all the involved particles are members of SU(3) octets, 
nonet breaking does not affect this ratio. Of the five 
measured rates, [(¢>ny) is the only one to use f and may thus 
be adjusted independently from the other four rates. This 
adjustment may, however, not be consistant with the measured 
Pn oy) /t in soy) oatio-. 
Assuming the usual ideal mixing of vector mesons, 
an inconsistency arises. Even though the OZI forbidden 
decay ¢-7y is seen to proceed, it does so very slowly 
considering the available phase space. This means that 
Game esrh. Gia io. there: 1s mot SuLcacrent, nonets breaking 
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ES 
and [T(p>7y) = 35 KeV, a rate [(¢>7Ty) = 140 KeV is predicted. 
If SU(3) symmetry is to succeed in explaining the radiative 
decays, it is necessary to adopt a nonideal value of 0. 

Boal, Graham and Moffat [15] present two fits, each 
corresponding to different combinations of mixing angles. 
These fits are displayed in Table 2; note that the experi- 


Mental rates are | those current to publication: In the £it 


for solution 1, 0, is fixed at its quadratic mass formula 


Pp 
Vewuewi=—107) andig, £, £' ‘and oF are treated as free 
parameters. The resulting values (g=0°476 ceue | f=0°769 


cava f'=0-889 Gey 0 =24°) indicate Srigbackieie nonet 


breaking and large deviation from ideal mixing. All 
experimental rates are predicted and all experimental bounds 
Satisfied; only T(n'>py)/I(n'swy) deviates from experiment. 
Solution 2 uses mixing angles from the linear mass formula 
(O,,=37°, 0,=-24°). The resulting coupling constants display 


less nonet breaking than solution 1 (g=0°746 coun f=0°876 


Gev 3 £'=0:-79.0 Gevi-) but the predicted rates don't agree 
WEtheexpermment.) Ln partieulary 7. (e>ny) sand (h(K*> Key) fare 
about a wlactor Of 2-5 too Large; this is tne result or Oy 
beingeneariy ideals) The SU(3) scheme as "reasonably jsuccecs— 
ful only when large nonet breaking and an artificial o, 

are used. (‘The further: implications of these unusual features 
are investigated later when other SU(3) decays are considered. 


The SU(3) scheme does offer an explanation of the 


observed radiative decay rates. The necessary nonet breaking 
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requires large violations of the OZI rule. Furthermore, the 
traditional connection between mixing angles and mass formulae 
is lost--the mass formula which yields Or, © 24°, the inverse 
mass squared formula, cannot be applied to pseudoscalars 
because the resulting Op is complex. Although the V>Py 
predictions of this SU(3) model are reasonably good, it would 
be desirable to retain mass formula mixing angles and some 


Bemnantnort thenoZLlt rule. 


1.6 SU(3) Symmetry Breaking Models 

The approach to V*Py decays investigated in this 
thesis is one of SU(3) breaking. It is hoped that a physi- 
cally reasonable SU(3) breaking scheme may permit the use of 
quadratic mass Poemie mixing angles and, to some extent, 
the preservation of the OZI rule. 

The SU(3) symmetry observed in particle physics is 
only approximate. The most familiar example of SU(3) 
breaking concerns the mass splittings within the octet of 
baryons. The Gell-Mann--Okubo mass formula prediction 


M. + My 3M, + M, 


2 o: 


is obtained by assuming a Lagrangian of the form 


=m, Tr (BB) + ne (BEA at m, Tr (BA,B) . 


Symmetry breaking by one dg accounts for the observed 


regularities of the baryon mass splittings., This type of 


SU(3) breaking is the only one consistent with charge, 
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18 
isospin and strangeness conservation. 

In Chapter II, a hierarchy of SU(3) symmetry breaking 
models for the meson radiative decay vertex is discussed. 

The relationship between symmetry breaking and the OZI rule 
is studied. The implications of vector meson dominance are 
noted. 

In the next>» chapters, specific SU(3) breaking models 
are examined in detail. In each case, the available coupling 
constants are fit using the experimental V>Py rate, and the 
success of the model evaluated. 

Various forms of SU(3) breaking for radiative decays 
of vector mesons have been discussed previously. References 
[16] present schemes analagous to the weak and strong nonet 
models of Chapter II, omitting one or more of the SU(3) 
Singlet sectors. Reference [17] takes a slightly different 
approach, generating apparent SU(3) breaking with the meson 
IMasses. These discussions were all published prior to the 
recent experiments. The experimental V>Py rates now avail- 
able make a comprehensive treatment of the SU(3) breaking 


models feasible. 


I./ Other Decays 

Vector meson dominance (VMD) in its original form 
related the nucleon electromagnetic form factors (essentially 
the NNy vertex) to the NNV interaction. In a more general 
form, it relates processes involving photons to those 


involving vector mesons--a process involving a photon may be 
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19 
considered to proceed through a C=-1 vector meson, the photon 


being attached to the vector meson according to 


Aw, = Bes (ale 


m mn 
ge 


where n is the photon index and a is the pata coupling 


constant [18]: 


Most models for radiative decays of vector mesons 
may be used, with VMD, to deduce a model for the VVP vertex. 
A VVP and a VPP vertex, together with VMD, may be used to 
predict a variety of radiative and hadronic rates. Examples 
of some describable processes are illustrated in Figure l. 

In Chapter VI, these further decays are discussed 
in detail. Predictions for the m>yy, n7-vY, n'yvr wo-3n, o>3T, 
n>-7TY and nN'*™TY rates are made on the basis of the SU(3) 
model [15] and one SU(3) breaking model discussed in Chapter 
V. The ability of these models to predict such rates may 
provide an indication of their validity. It must be 
remembered, however, that the additional assumption of VMD 


is incorporated in these predictions. 


1.8 Extensions to SU(4) 
Recent experiments [19,20] on the radiative decays 
of the # meson suggest that an SU(4) description of the 


radiative decays of mesons is now needed. if ¥ is in fact 
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a pure cc state, the SU(4) radiative decays are to prove as 
Pecalcitrant as the SU(3)Tonesi® Already the OZI forbidden 
decays y>ny, w>+ny and y-n'y are observed to proceed while 
the decay age (2°83 GeV)y, which is OZI allowed and which 
has ample phase space, is quite suppressed. An SU(4) 
symmetry or symmetry breaking scheme for radiative decays 
must incorporate a solution to the SU(3) radiative decay 
problem and explain the y rates as well. 

in €GhaptereVid ;cammodel) foumsu (4 )moreakingurs 
discussed. This is a natural extension of one of the SU(3) 
breaking schemes of Chapter V--all mesons and the photon 
have standard SU(4) content, reasonable mixing angles are 
used, the OZI rule is, to some extent, incorporated and the 
symmetry breaking occurs in a fashion similar to mass split- 
tings by he and his: No new difficulties are encountered in 


treating the » rates; some previously unresolved SU(3) 


inconsistencies do however persist. 
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CHAPTER Le 
THE HIERARCHY OF SYMMETRY BREAKING SCHEMES 


2.1 The Nature of Symmetry Breaking 

Just as an SU(3) symmetric VPy amplitude is derived 
from an SU(3) invariant Lagrangian, so does a VPy amplitude 
which has the unitary symmetry broken by Ne come from a 
Lagrangian which transforms as = under unitary rotations. 
such a Lagrangian is constructed from different trace 
combinations of V, P, A and oe While not invariant under 
Sepeeratynunitary mrotationssogsVymP and Aj; @iters#invariant 
under those rotations whose generators commute with ~ 
furthermore, the quantum numbers corresponding to these 
Operators are conserved even under the broken symmetry. 

It is convenient to picture symmetry breaking by = 
He cermc ot a scalar spurion [21), anvimaginary particle 
which carries only an internal symmetry label. If the 
radiative decay V>Py were to proceed with an additional 
scalar particle in the final state which was massless, 
momentumless and bore the unitary index j, the corresponding 
Lagrangian would have exactly the same form as the Lagrangian 
with A. symmetry breaking. The radiative decay V>Py with 
symmetry breaking is equivalent to the decay Veale The 
concept of a scalar spurion will prove most useful in Appendix 
I when symmetry breaking is discussed on the quark level. 


Charge and hypercharge are conserved in electromagnetic 
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Piceractions. |Totalsiscspin 1S also conserved 1£ the photon 
is assigned the isospin content dictated by its SU(3) content. 
In order that these quantum numbers be conserved, all terms 


in the Lagrangian must be invariant under i r and 


jue ges Mayen 


og rotations of the V, P and A multiplets--the only possible 


Symmetry Hredkang 1Sseby A.) and) A... In, the spurion. picture, 


8 
any spurion which carries off no charge, isospin or strange- 


hess must have T=O, and Y=O--only U,. and U, are possible. 


8 


In the next section, a general SU(3) scheme with he 
symmetry breaking is discussed. The OZI rule is then enforced 
and the connection between A, breaking and OZI violations 
elucidated. The implications of VMD are also studied. In 

the last section, a hierarchy of symmetry breaking schemes is 
presented. 


2.2 The Most General SU(3) Model 


With eo Symmetry Breaking 


im cCiiLSs Section, .enersU (3) smodel of section Los 77s 
expanded to include dg symmetry breaking. The SU(3) invariant 
contributions to the VPA Lagrangian are, as before, various 
trace combinations of the V, P and A- multiplets; the ho 
symmetry breaking terms arise from various trace combinations 
of, the, V, P, and A multiplets with one dg matrix. The kine- 
matics remain unchanged from the previous calculations. 


The Lagrangians that describe the radiative decays 
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Other terms could be included in the above, notably terms 


mvOlLving Tr or ie ene eMing oe but these depend linearly 
on the terms already considered. 


The decay rate takes the form: 
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g (2.9) 


min F11°sn°mooio . 
The repeated symmetry index k is summed from 1 to 8 and n is 
the photon index. 


Not all the above terms are independent as may be seen from 


the application of these identities: 
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where i, m, k=1,.. ..8 and n is the photon index. The last 


identity is a special case of the well known SU(3) identity: 
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symmetry breaking terms may be eliminated--only four coupling 


constants characterize the SU(3) symmetry breaking for 


The most general SU(3) model for the radiative decays 
of vector and pseudoscalar mesons which uses dg symmetry 
breaking has three SU(3) invariant and seven symmetry breaking 
terms. Ten SU(3) invariant coupling constants are needed in 


such a model. 
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reformulated using nonets. The appropriate Lagrangian is: 
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The V"+p y rate predicted by this Lagrangian is 
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The repeated symmetry index k is summed from 0 to 8 and n is 
the photon index. 

Of the nine symmetry breaking terms, only seven are 
independent. This follows from two identities which are 


analogous: to- (2.10) “ands (2.11): 
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Using (2.16) and (2.17), two symmetry breaking terms may be 


eliminated from (2.15). The most general SU(3) radiative 
decay model with dg symmetry breaking is seen to have three 
SU(3) invariant and seven SU(3) symmetry breaking terms. Ten 


SU(3) invariant coupling constants characterize this model. 


2.3 “Nonet Symmetry, the OZI Rule 
And },. Symmetry Breaking 


Nonet Symmetry may be imposed separately on the 
invariant and the symmetry breaking terms of the SU(3) 
Lagrangian. When demanding that the Singlets and octets 
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30 
finst. form of the Lagrangian and.decay amplitude, (2.1) — 
(2.9). Imposing nonet symmetry on just the invariant terms, 
the condition Jo“I4=Jog is obtained; this type of nonet 
symmetry is referred to as weak nonet symmetry. If nonet 
symmetry is imposed on the ho symmetry breaking terms as 
well (1.€., 9.=97=dg, pee = <2 (g,+G5+93) and g,),= 9, + 
S (g,+9,+93)), another type of nonet symmetry is achieved-- 
this is referred to as strong nonet symmetry. 

It is more transparent to use the second form of the 
Lagrangian and decay amplitude, (2.13)-(2.15), when discussing 
OZI violations. None of the terms in (2.13) which involve 
traces over the internal degrees of freedom of individual 
particles may be rewritten so as not to involve traces over 
the internal degrees of freedom of individual particles; all 
these terms, therefore, constitute violations to the OZI rule. 
Setting £,=£,=0, OZI violations among the SU(3) invariant 
terms are eliminated--this is the same as weak nonet symmetry. 
Strong nonet symmetry is obtained by further demanding that 
fy=f,97F1 179: There are no OZI violations among the remaining 
symmetry breaking terms in that the corresponding quark line 
diagrams, with the scalar spurion Us included, are properly 
connected. If the presence of the scalar spurion is ignored, 
apparent OZI violations are generated by these terms. 

Imposition of nonet symmetry, or equivalently the 
OZI rule, on the general SU(3) scheme with hg symmetry 
breaking has the effect of reducing the number of SU(3) 


invariant coupling constants required in the model. The 
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di 
most general SU(3) scheme has ten terms in the Lagrangian 
(3 SU(3) invariant, 7 symmetry breaking); the weak nonet 
Symmetry model has eight terms (1 SU(3) invariant, 7 symmetry 
breaking); and the scheme with strong nonet symmetry has six 
terms (1 SU(3) invariant, 5 symmetry breaking). Further 
symmetry assumptions are necessary to further reduce the 
number of coupling constants. 

Symmetry breaking by A, is equivalent to nonet sym- 
metry breaking. Beginning with a decay model which demon- 
strates strong nonet symmetry, the inclusion of A, Symmetry 
breaking terms regenerates the terms which break nonet 
Symmetry. (For instance, from V, P, A and A,, the term 
Tr (VA) Tr (PA,) may be constructed; this is equivalent to 
the fo Bene date G2 13 ystierSimilarhy yitromevy? Bed, eo and No 
Teva V iy AtX.) Tr (PA,) may be built; this is equivalent to 
the fy tenn tnaticbs 4.4 eSymmetry, breaking thyeyaris seen to 
destroy nonet symmetry. Furthermore, in a scheme which has 
no nonet symmetry, A, Symmetry breaking terms are redundant. 
Since A, Symmetry breaking yields no new structure for the 


desired radiative decay amplitude, it is not considered 


further. 


2.4 Vector Meson Dominance 

Many V>Py models have their origins in models for the 
hadronic process V+VP. If the assumed VVP vertex demonstrates 
symmetry breaking, so does the VPy vertex which is derived 


from the VVP vertex by latching a photon onto one of the 
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a2 
vectors using the VMD Lagrangian (1.17). The V>Py models so 
obtained form a restricted class of all V+Py models described 
Solar. 

A model for V>-VP with symmetry breaking is obtained 
by taking various charge conjugation invariant trace 
combinations of two vector multiplets, a pseudoscalar 
multiplet, a 9 and a A,- Boson symmetry further requires 
that when the two vector multiplets are identical (i.e., both 
octets or singlets) that the resulting amplitude be symmetric 
in the two vector indices. When the photon is attached, the 
V>Py amplitude is necessarily symmetric in the vector and 
photon indices. 

This Boson symmetry is compatible with the general 
SU(3) model with oe symmetry breaking only when certain 
coupling constant restrictions are met. For the amplitude 
(226), to be symmetric in’ m and n;71t is necessary that 
5, = 93 and g,=g,. Equivalently, 1t iS necessary that f.=f, 
and fi=f, in (2.15) Fewer coupling constants are permitted 
in a V>Py model which is derived from a V>VP model through 
VMD. 

VMD may sometimes be used to deduce a VVP vertex from 
a VPy vertex... If the radiative decay model Satrsfties the 
coupling constant constraints outlined above, then this is 


possible. In Chapter VI, some V>Py models are used in this 


way. 
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2.5 A Hierarchy of Models With 
SU(3) Symmetry Breaking 


A wide variety of models which describe the radiative 
decay of SU(3) multiplets of vector and pseudoscalar mesons 
has been presented. The interaction Lagrangian may be 
gnvariant under all SU(3) rotations or may have a part which 
transforms as ge SU(3) octets and singlets may couple with 
the same strength or may be totally independent. The resulting 
VPy model may or may not be compatible with VMD. 

The two schemes which display the simplest symmetry 
structure use SU(3) invariant Lagrangians. The nonet symmetry 
model is the most simple--no OZI violations are allowed. The 
general SU(3) model does permit OZI violations. 

Among the models with he symmetry breaking, the strong 
nonet symmetry model has the fewest coupling constants. OZI 
violations, in a strict sense, do not occur; the symmetry 
breaking terms do, however, Simulate OZI violations. The weak 
nonet symmetry scheme forbids OZI violations in the SU(3) 
invariant terms but permits them in the symmetry breaking 
terms. The most general SU(3) model with hg Symmetry breaking 
allows OZI violations in both the invariant and the symmetry 
breaking terms. 

A V>Py model which may be related to a V>VP model 
through VMD must satisfy Boson symmetry in the vector meson 
and photon indices. As a result, fewer independent symmetry 


breaking terms appear in such a model. 


The numbers of couplings available under the different 
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34 
symmetry assumptions are summarized in Table 3. 

The nonet and SU(3) models having proved unsatisfactory 
in predicting the observed decay rates, some of the dg 
symmetry breaking schemes are now explored. It is hoped that 
a 9 symmetry breaking scheme exists that demonstrates some 
sort of nonet symmetry and that, when used with standard 
mixing angles, offers an explanation for the experimentally 
observed rates. All of the schemes to be examined demonstrate 
either weak or strong nonet symmetry. Only on two occasions 
are nonstandard mixing angles mentioned. In addition, most 
of the models to be discussed are compatible with VMD. With 
only five measured absolute rates, two preliminary absolute 
rates and two relative rates, it is impossible to fully explore 
all the symmetry breaking schemes presented in this chapter. 

It is, however, possible to thoroughly test some of the 
schemes and sample particular cases of others. In the next 
chapters such a wide variety of symmetry breaking structures 
is explored that many conclusions may be drawn regarding the 
success of A, symmetry breaking in explaining the radiative 
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decay rates of mesons. 
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CHAPTER fi 
THE BARYON LOOP MODEL 


3.1 The Nature of the Model 

The baryon loop model was first used by Steinberger 
[22] to describe the w°+yy decay. A modified version has 
been used by Rockmore and collaborators [23] to study the 
nonleptonic decays of K mesons. It has been further 
suggested by Rockmore [24] that a baryon loop model might 
lend itself quite naturally to a description of symmetry 
breaking in strong and radiative decays of mesons. In this 
chapter two baryon loop models are used to produce he 
symmetry breaking in the radiative decays of vector and 
pseudoscalar mesons. 

In a baryon loop model, the decay V>Py is imagined 
to proceed via a baryon-antibaryon loop. As indicated in 
Figures 2 and 3, the photon may be attached directly to the 
baryon loop or VMD may be assumed and the photon attached 
to a vector meson which in turn is attached to the baryon 
loop. Assuming that the intermediate baryons form an SU(3) 
octet bearing a single octet mass and adopting SU(3) 
Invariant couplings at all, vertices, sa Very model eresuics 
which has SU(3) symmetry. 

SU(3) symmetry breaking is introduced very naturally 
through the baryon masses. Taking the baryon masses as 


prescribed by the octet mass formula, 
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als m6; - + 6m, oe + iém, oust ey 
a V>Py model which demonstrates hg symmetry breaking is 
obtained. The three baryon masses, m,, ém,, and 6m, may be 
obtained from the observed baryon mass spectrum and (3.1). 
Alternately, just the symmetry breaking structure of the 
V>Py amplitude may be taken seriously and the baryon masses 
may be taken as symmetry breaking parameters to be fitted. 
Both these approaches are tried. 

In this chapter, the mesons are assumed to have the 
Sseandard- SU (3) content, mixing angles and masses. The 
usual forms of the VBB, PBB, yBB and Vy interactions are 
used with accepted coupling constants and f/d ratios. Only 
for the V°BB and P°BB interactions are coupling constants 
not available; these may, however, be fixed if weak nonet 
symmetry is assumed. 
Ge eet pe Coupling. .of the 

Photon to the Baryon Loop 

The baryon loop model in which the photon is attached 
directly to the baryon loop using standard YBB coupling is 
now discussed. The Feynman diagrams of interest to this 
modew are. presented im Figure 2° Figure 29a iitustrates itive 
SUN2)oanvariant contribution toe the VPy amplitude Se Firgures 
2 bee cerand’d ‘give the symmetry, breaking Gcontri butions to 
bss tOrdoer cn 5m, /™M, and Sm./M i these terms demonstrate 
symmetry breaking by one hg: Higher order terms are expected 


to be negligible since, according to the baryon mass spectrum, 
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Figure 2. Contributions to the Baryon Loop Model with the 
Photon Attached to the Loop with F-type Coupling. Ga jac). €3)) 
invariant contribution; (b), (c) and (d) SU(3) symmetry 
breaking contributions. 
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Sm /Mo and ém.,/™, are Om tne order of 5-10se (241) “Such <a 
first order calculation is seen to be justifiable even when 
the masses as treated as free parameters--the symmetry 
breaking is always found to be less than 253. 

The Lagrangian used to describe the various inter- 


actions is: 
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The g, are SU(3) Snvariant. coupling constants. fhe Telative 
amounts of f-type and d-type coupling are given by f and d 
(£ + d = 1) for the PBB interaction and by 6 and 6 (¢ + 6 = 1) 
for the VBB interaction 

The computation of the eae amplitude is a, straight 
forward but tedious exercise in Feynman integrals. Only 
ewoudercalls ‘are Of particular note. = Parstly,, ft et snacsumed 
that the average baryon octet mass, m,, is large compared to 
the meson masses--this permits the loop integration to be 
simply approximated. Secondly, SU(3) traces of three and four 


f and d matrices are needed--these are available in [24]. 
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The resulting T-matrix for VP is 


C ih uf 
We. ithe Sy Np elle ESI BAS ie PaedeS Oe . u i ; - 
V Py (20) 2/2 (Sh nee yr’? Sten Cavers (Dp) (e) (p,) (e) 


(353) 
where the momentum and polarization assignments are as in 


Section 134;. For ve and jel both members of octets, 
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= a 6m 6 
CL Che (2 a8 D ce 
Smin — ee a-V¥eq ESGqlT oyasn's his ¢ M1, dein 
CAS aus 


Cao) 


1 ; 
For V" a member of an octet and Pa Singlet, 


& >} 
i] ihe : ev os 
f 4 ah ae 3 es _ 
FT ‘am ‘pa 
Ae oi ¥ is 
te 
Ke 
| 
+ i 
{ T? . 
pear iF. A ' 
; Pare a er ce ae iy i, 
ae LY ee ma dd 
] oft re oh ; 
ithe), | 
y s 
: Pte ap y 
: vr i» k a Fa r } ne 
i ip. ; ee 
, Ad - 
*h ‘Site ie u i , 
/ o ; | =" - MY ae ) 
‘Ae es 4 : 
as 
, 
{ Ri 
oo o ‘wt 
a ‘ 
ee « ry? a at + sy" 
ree DORE Nate :) 
yee J c 
i ot 
Mite 
y fh n 71), 
a* i A f 
aman Oey er / es) fs a 4 _ int 
hi ‘= ; i 
Bay = By 


(we) 


cow 


bhi ah ok = A) 


ee me oc ae 


iy tod 


~ 
_, 
Fy ee Ly "oe 
ee Fi ~ men 7 
ba! } 
i : = 
Af w rapene) | : at 
beh " a 
A Cae 
] 
Jueae : 
Rus. ‘ay a - blots 
re ; ast 
Av ae” 
of, % i 
} age 
- 


4 , 
ae Sy 
_ ee 
r 

alt i} 


ran, ? peer ae 3} Porn 3/3 9 aD poe | ; 
(27)? me M, me Smni 
(3a.09) 
For V" and oe both singlets, 
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Boe hpefore, n is the *photon index. The vspty decay width 


which is obtained from (3.3) is 


2 Da 
: M - M 
re 2 nope gl 2 u 
lg esa : 
and the P +V y decay width is 
2 213 
; M - M 
Sea ert 2 a m 
rep Vy) = 33a SSE ed, M, ‘ 5, Dh) 


The symmetry structure of this model is that of a 


general SU(3) model with \A, symmetry breaking. The twelve 


8 
eoupliaMa cOonstancs ior (2.5) — (2499) ere buat, from the 
following parameters of the baryon loop model: Sy1 Gor Gzp 
Sar Cpe ming. (Ory Oepme Ti, 6m, and 6m, - Because the photon is 
coupled to the baryon loop with. pure £-type coupling, the 
ampletude: (3-3) is not symmetric anim and nm.) This lack of 
symmetry in m and n means that this VPy model is not com- 
patible with VMD--a VVP model, which must necessarily 


demonstrate Boson symmetry, can not be derived from this 


radiative decay model. This model displays weak nonet 
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symmetry if 


Se Sy ioe (3.10) 
2 S£ + oa 
ae ae ag or ae Bale 


Moo oO) and (3.9) .do not hold, OZI violations are permicted 
iieethe SU(3) invariant terms. No relationship exists among 
the baryon loop parameters (except om, = 6m, = 0) which would 
produce strong nonet symmetry. 

The coupling constants and d/f ratios are assigned 
accepted values if available: g,°/4n =") 4..6 825.18; 33 = 
0.303 g, [26] so that g,/4n = 0.27, a/£ = 1/8 [25] and @/> = 
=Geo) t25|. Lacking any information on S5 and Sys the weak 
nonet relations (3.10) and (3.11) are used. The VPy ampli- 
Euae as now a Linear combination of I/m,, ém,/m,* and 
ém,/M™,° 3 equivalently, it is a linear combination, of K,.D and 
Ee: 

(2g,) (2g,)e 3 
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Once K, D and F have been specified, the radiative decay rates 


may be predicted. 


At this voint, onesof two approaches may be adopted. 


The baryon masses M,, 6m, and 6m, may be determined from the 


observed baryon mass spectrum (m, = 1155 MeV, 5m, = 67 MeV, 
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43 
ém,, = -55 MeV [24]). The V>+Py and P+Vy decays widths are then 
predicted by (3.8) and (3.9) with no free parameters. These 
predictions are tabulated as solution 1 Table 4 (K = 0.923 


=i 1 


Bee D = 01054eGay a. Ea= 20.044 ay). Adjusting the 


Overall scale to bring these predictions into better agreement 


with experiment, solution 2 is obtained (K = 0.735 Cae 


D = 0.043 Cave F==0.035 coe It is remarkable that this 
model should come so close to the proper scale. The pre- 
dictions of solution 2 are only somewhat of an improvement 
over the nonet predictions of Table l. 

Another approach is to take the symmetry breaking 
Semuccune Of (324) = (3.4) Seriously but to treat ma, 6m, and 
om, or, equivalently kK, D and F, as free parameters. Three 
fits of K, D and F to the available rates are given in Table 
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Gev =) shows the resusts of a fit to the five available data; 
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Pe aoneel (i= "00 491 ucev D> =. 006) cove Sue ONOl> coves 
; -1 
omits [{aony)tirom the f#e> in solution 5 (K=— 0%e7l Geve = 
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Whenever I(w>ty) is predicted to be consistent with experiment, 
[T(p-ry) and I (K°*+K*y) are too high; when the latter are 
reasonable, Glnonmy) iis too low.  Thissmodel can accounec efor 
the observed $o>Ty and ¢7ny rates. 


S55 seine. euoton, Coupled to the 
Baryon Loop Through VMD 


The diagrams appropriate to coupling the photon to the 


baryon-antibaryon loop through a vector meson are given in 
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Figure 3. As in the other baryon loop model, a first order 
calculation is executed. 
The Lagrangian (3.2), without the YBB term, is used. 


The VMD Lagrangian is also needed, 
re a ti Vis a 
=e — (6 ry s Ae Vie. (ones) 
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Figure’ 3, Contributions to the Baryon Loop Model with the 
Photon Attached to the Loop through VMD. (a) SU(3) invariant 
contribution; (b), (c) and (d) SU(3) symmetry breaking 
contributions. 
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(2g,) (293) (2g,)e 
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As before, n is the photon index. The decay widths are as in 
(23) farid (3.9). 

This model is an SU(3) model with rs symmetry breaking 
which demonstrates Boson symmetry. Since the photon is 
attached to the baryon loop through a vector meson, it is 
attachedsiwaict he thensame, d/fiwatioras the ent ae Mor inal) 
state vector meson--the VPyY amplitude is automatically sym- 
metric in m and n. Weak nonet symmetry may be imposed by 
requiring 
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No relationship exists among the baryon loop parameters 
(except 6m, os 6m, = 0) which produces strong nonet symmetry. 
The previously quoted values for Sir Gar d/f and 6/¢ 
are used and 35 and Gg, are determined by the weak nonet 
Petacions (3218) and¥es.19). The VPy. amplitude is now a 
linear combination of ]/m,, ém,/imy° and ém,/te” or, equiva- 


tentlyeor kK, D and iF: 
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D= K Sm) /M, > 
F = K Sm./M : 322.0) 


Taking the baryon masses from the baryonmass spectrum, 


solution 1 Table 5 (K®= 1.120 Gave D = 0.065 Gev-, F = 


1) is obtained. Scaling this solution down to 


better agree with experiment, solution 2 (K = 0.715 Cau 


ih 


-0.053 Gev_ 
D = 0.041 cev-!, F = -0.034 Gev+) is obtained. Again, this 
is not remarkably different from the nonet model. 


When the baryon masses are treated as free parameters, 


thermodel 4s) more flexible. “Solution. 3 “(Kk = 707660 Gara 


D = -0.025 ast. F = -0.130 cevn uses the five available 
- -l 

rates solution 4 (Kk = 07510: GeV 1 D = -0.075 GeV , F = 

0.011 Gev-t) omits r(wery) from the fit; solution 5 (K = 


Z : aie . 
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[({p>ny). With this.SU(3) breaking structure, it is still 
difficult to make both [(w>ry) and [(p>ry) consistent with 
experiment; [(K*°+K°y) is lower in this model than in the 
other baryon loop model but still much above the observed 


value; [(¢>ny) and [(¢>ny) are well predicted. 


Bee Conclusions 

In these two V>Py decay models, symmetry breaking is 
induced by nondegenerate baryon masses. The first of these 
models does not display Boson symmetry, while the second, 
being derived with VMD, does. Weak nonet symmetry is used in 
both cases. 

When the baryon mass splittings are taken as deter- 
mined by the baryon mass spectrum, these models predict 
meson radiative decay rates very similar to the unsatisfactory 
nonet predictions. 

When the baryon masses are treated as free parameters, 
the models demonstrate marginal success. The symmetry 
breaking structure is compatible with the measured 9 rates, 
bloeny) and © (¢>-ny). In particular, the lrst) decay proceeds 
entirely through the symmetry breaking terms. The nonet 
problem of the inconsistency of [(p+ry) and P(KS°?-Kew) with 
T(wery) persists. In the second model, the problem with 
T (K*¥°+K°y) is not quite so severe as in the first model and 
the nonet model; this is reflected by Pr (K*¥°sK°y) /T (K* Ky) 
deviating somewhat fromits SU(3) value of 4. 


The symmetry breaking structures of the baryon loop 
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models are only somewhat successful in predicting the vector 
and pseudoscalar meson decay rates. Problems still occur in 
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CHAPTER IV 
THE CURRENT ALGEBRA MODEL 
4.1 Symmetry Breaking Through 
Current Algebra 

Current algebra techniques may be applied to a quark 
model Hamiltonian with symmetry breaking to generate a 
variety of strong interaction vertices, all of which demon- 
strate symmetry breaking. The further assumption of VMD 
produces a variety of radiative decay vertices with symmetry 
breaking. This programme is carried out by Aubrecht and 
Razmi {27] in the context of SU(4). They investigate the 
VPP and VVP strong vertices and several associated radiative 
Processes. In this chapter, the SU(3) VVP interaction is 
Studied and a symmetry breaking model for the radiative 
decay of vector and pseudoscalar mesons is developed. 


The free quark model Hamiltonian density is 
: -_ 
(x) = d gq, (x) (-iys3 + m) dy (x) (4.1) 


where the k th quark, qe has mass my (m5 = m, ¥ mM). Writing 


Bhescnarks aStanrSsU(3)) tripletug, 


A(x) = q(x) (-iy?3 + m+ 6m AQ) q(x) (4.2) 
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The Hamiltonian corresponding to the mass terms is: 


Hex, ) = [a3 x a(x} (/s me 6mA 4) gq (x) : (4.3) 
This may be written 
3 
Hix.) = [a XU ars pe tsa); ae Ag Ug (x) ) (4.4) 
using the scalar densities: 
U, = 54 (x) A. q(x) 
ec oe ce 


This standard quark model Hamiltonian [28] has an SU(3) 
invariant part whose strength is related to the average quark 


mass 


A dg symmetry breaking term is also present; its strength is 


related to the quark mass difference 


ag = 2ém. 


As in the baryon loopecalculations, these masses may be taken 
literally; alternately these masses may be considered merely 
aso a parametrization of*the symmetry “breaking. Lt is this 


Vast attitude that is ?taken: 
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@aereThe Strong VVP Vertex 
j Tae! thy Pe 
The matrix element <vV P |H(0)|V > is to be computed. 
This constitutes the first order calculation of the VVP 
merong vertex. The following quark ‘content is assumed’ for 
Eae  vectOr.and axital-vector current densities and for the 


pseudoscalar density: 


Vi (x) = 5 A(x) yd a0e) , 
ay (x) = 5 G(x) ¥ 7545 4(X), 
Pp (x) = 5 G(x) gd, a(x) . (4.5) 


The calculation proceeds in several stages with special 
assumptions to be enunciated as required. 

First, an LSZ reduction [29] is performed on the 
matrix element, the result being a matrix element between 
the two vector states of a time ordered product of the 


pseudoscalar field and the Hamiltonian. 
ey (0) |V. > 
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where 5 is the pseudoscalar field and f. is a c-number 


plane wave solution to the Klein-Gordon equation: 


p(t) = ifa-(x) £, (x)¢, (x) 


a a8 Z 
Ale Die 
£. (x) Af 2 ae oS ae 
(a oa 25. 
in the second lasttiine of (4.6), a term which reduces to 


<v"|#(0) 63" |V™> is omitted; this term is zero because there 
is no pseudoscalar in the initial state. 

Now the partially conserved axial current (PCAC) [30] 
assumption is used. This states that the pseudoscalar density 
mee, aapart from sa constant,,:the "divergence .of ‘thesaxial current 


density: 


aHa (x) - C,m, 4, (x). (Aa) 


The PCAC coupling constants, Ci. are specified later. Using 


(4.7), 
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1 1 one 2 Bi ip-x 
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Cae Y2E/ Com : “ J 
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if 1 il 2 oe Le ip:x 
i (=o Sem. 7) fd en 6ixe) 
Deeg era ede z J : 
ih Sak alk 
Va ae ae TO) vay: (4.8) 


mivee last stepiis.valid as long astthe pseudoscalar is off 
mass shell. 

When the pseudoscalar masses are small, ia’ is a 
reasonable approximation to the real pseudoscalar momentum. 
This soft pseudoscalar limit [31] yields a simple form for 


the desired matrix element. With Shea 
(25, hig. ie eats aden 


= = <v"| (Ad (x,), #(0)] |v" (4.9) 
i X.=0 


Where the axial vector current is defined 
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it may be shown [32] that: 


la’ (x) TP A atx) , a1) TgAna (1 
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is easily computed from the SU(3) and Dirac algebras. The 


commutators of interest are 


pines. (7) ea SEITE 
an 10k Ay BU = 
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zi k 3 
[at (x) ,agU, (y) ] = -a,d.,., AX (x) 67 (x-y) 
gl cee g°i8k ee Fire: 
Cig. K= Oise ice) (413) 


The standard current algebra form of the desired matrix 


element is 


(eee) )/ * vp? | (0) |v™> 


e hey ta (0) |\Wis. (i; m,n, ka0722,8) 


i 
os Fee omens vier 


(4.13) 
Further symmetry assumptions are needed to simplify 
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m ANE: 
this expression. If Eu Ae OIG > exhibits nonet symmetry, 


thereby introducing no new symmetry breaking into the model, 


a simple VVP vertex results. Using 


Pa ee (ON eke oy de (n, k, m=0,...,8) (4.14) 
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in (4.13), a VVP model is obtained whose effective Lagrangian 


is 


coe 
X ymynpi ae 3 20Gmin * Sg4gixGmn! 
peony isa ae dial pa i foiclle (4.15) 


A more complicated symmetry structure for Age wel ine 


would result in a more complicated version of (4.15). 


4.3 The Radiative Decay Model 
VMD is now used to derive an effective VPy Lagrangian. 


The result 
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leads to the following Vie Bay decay width 
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where n is the photon index and 
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Symmetry breaking enters this model in two ways, 


either through the Ag term or through the PCAC coupling 
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constants. If Cc. = Cy = Cy = Ge and= ii Ag = 0, this model 
demonstrates nonet symmetry. If the C,'s remain equal but 


Ag 7 0, the SU(3) symmetry is broken by one i THiS 1s ya 


3° 
special case of the strong nonet symmetry model which is 

Sompatible-with VMD (compare (2.15) with £. = Aw, f, = f. = 
A,/2 and the remaining f. = 0). If the PCAC coupling con- 
stants are not equal, a broader symmetry breaking structure 


than those outlined in Chapter II is found. This model is 


the result of symmetry breaking by more than one de Matrix. 


4.4 The Predictions of the Model 
In this section, various choices of the PCAC coupling 
constants are made. In each case, A, and Ag are determined 
by fitting (4.17) to available decay widths. Notice that 
Cc. affects) only the ¢-1y, prety and weny rates, Cy affects only 


the K*°>K°y and K*t>KTy rates and Ce and C, only enter those 


rates which involve noand n=. 


It is first assumed that Cl = Cy = Cy = Cae SoCtuEror 


- -1 : 
woe vawle oF (A, = 0.650, GeV re Bae 0.152 GeV ~) gives the 
predictions basedson the best fit of (4/1/)) to all eeive 
-1 
avallablerrates.. solution 2) (Ag ="0.560 Gey = Ag = 0.313 


Cs uses a fit which omits the ¢>ny rate. The symmetry 
breaking structure of (4.17) with Caos Ca Co = C, shows 
only one improvement over the nonet model--it is possible 
for either [I (K*°+K°y) or I'(¢*ny) to be consistent with 
T(wery). For ideal vector mixing, $>Ty does not proceed. 


The p>mry rate remains high, near its nonet value. 
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The possibility that the PCAC coupling constants are 
unequal is now investigated. Several current algebra and 
sum rule calculations [33,34,35] provide possible values for 
the C,'s. Under least dispute is the C,/C ratio--from 


K>uv decay experiments C./C = ITISeceaos03e [SSeueerhrs@ratio 


i, u 


Bemusca@inesolutionusp (AQO=J0O!6oricev +/eASY= 08049 (caves). 


8 
miewrit to A, and Ag is based on all the decay data except 
['(¢>ny); the predictions use Ce = Coo= Cc. Here also, the 
Symmetry breaking structure does not destroy the nonet 
ratios of [(p-7Ty): TI(wety): T(o>Ty). THE K* "Key wiatn 
may be fixed at the experimental value; the ¢*ny rate remains 
low. 


Adjustment of C, and C, iS now attempted. Many 


8 


discussions of Co and C, have appeared [34,35], the suggested 


Ce/C and Co/C_ ratios varying widely. Solution 4 (A, = 0.601 
T 


Gaye ON = 0.242 Ger; eye Ob Ye cited Cafe 158) 
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uses the values of A, and Ag from solution 3 and Chanowitz's 
HOS psratxo Co/Co ='0N62. "While both” E(kK**oK?y) Vana a (¢>n7y) 
are predicted to agree with experiment, [(p>7y) and [($>rTy) 
remain near their nonet values. Since Co and C, don't enter 
these last rates, nothing can be done about this problem. 
Other values of Co and C, also give I (¢-ny) ~~ 64 Kev buteonly 
wesmalin range of values is consistent WwHthel (y= py) 8300) Kev. 
The symmetry breaking structure induced in the VPy 
amplitude by this current algebra technique is not quite that 


which is required to explain the observed radiative decay 


widths. Small adjustments in 8.7 could probably cure the 
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62 
¢>my width. The latitude in Co and C, which is consistent 
with [(o>Ty) ~ 64 KeV and I(n'+py) < 300 KeV could be used 
to adjust the other 4 and _n' widths. The real problem lies 
with [(p-Ty) which is predicted near its nonet value. A 
more general symmetry breaking structure is needed to destroy 


the nonet relationship among [(w-ty), I'(p7ty) and [(o-mTy). 
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CHAPTER V 


THE SU(3) SYMMETRY BREAKING MODELS 


WITH NONET SYMMETRY 


5.1 The Models 

The four general hg Symmetry breaking models which 
demonstrate nonet symmetry are discussed in this chapter. 
Of particular interest is the simplest of these models, the 
strong nonet symmetry model which demonstrates Boson symmetry. 


2) eG eras) 


Bicst, aiV V P model with A}, symmetry breaking 


8 
is studied. This model is extended to include the vector and 
pseudoscalar singlet sectors andthen, with VMD, is turned into 
a radiative decay model. It is seen that this model is 
essentially equivalent to the most general strong nonet 
symmetry model with Boson symmetry and he symmetry breaking. 
The strong nonet symmetry and Boson symmetry con- 

straints are then loosened in an attempt to account for 
those rates that are not well predicted by the first model. 


5.2 A VVP Model With SU(3) 
Symmetry Breaking 


Muraskin and Glashow [36] write down the most general 
magtangran tor the yo yee Dee vertex where the SU(3) 
symmetry is broken by a dg Scalar spurion. This Gagrangzan 
may be modified to include vector and pseudoscalar singlets 
by simply replacing octets with nonets. The Muraskin and 


Glashow [36] Lagrangian so extended is: 
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ee ie tw (Gael 9 Pon Va) 
[heli peas). 5) 
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+ 33 Ae (a yan (Sa) 
where 9 
a 4 
nS. ) GV, 
1L=0 
8 
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whe term in (5.1) which describes the interaction of ae 


’ : n : : 
(momentum Pi! polarization en)? V (momentum pa polarization 


2.) and P~ (momentum Pp.) is: 


2 We et u v le) 0 
Am npi Sey aa awa ag) GeO eat Nom (5.2) 
where 
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(11> TD ate Ol arena: C5 35) 
As expected, this amplitude exhibits Boson symmetry. 
This VVP model leads to the following radiative decay 


model. ousing VMD and (5-2), 


A ympi, = te Sas (52) Ptely ep) eucense (5.4) 
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where n is now the photon index. The corresponding V~>Py 


decay rate is 


a an e %v 2 i 
rivspty) = ri Rgaras raicad, | 
p 


(3.5) 


From chapter II, the most general ro symmetry breaking model 


with strong nonet symmetry and Boson symmetry predicts 
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freedom. This stems from the form of the VVP Lagrangian 
(5.1)--while this has the most general lg Symmetry breaking 
Structure for octets, it lacks one degree of freedom when 
Singlets are also considered. 

For most of the radiative decays, this lack of 
generality is transparent. With the exception of KK 
all the decays of interest (see Table 7) involve SU(3) 


indices which satisfy: 


donk tkim Tr de ke kin EEG d = 0. (oO) 


Rearrangement of (5.7) gives 
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Use of (5.9) now indicates that for all decays, except 
Keo Koy, ~therrestricted model*(S73)=(si5) asrequivalence te 
the mosteqeneral model=(5.6)-"5Si7)— *ihe*rescricced™ mode 
bases, itsspredictions of Pf (K*°>K°y )Pon* them assumptions eade 
f, =e Owe ar f. # 0, then r(K*°+K°y) should be computed using 
(5.7 "oreo. 20)... 

For clarification, it is worth mentioning that in the 


published version of this model [37] the following set of 


coupling constants is used: 
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These constants yield a particularly simple form for the 


(8) 


y'8)p y amplitude. 


5.3 The Strong Nonet Model 
With Boson Symmetry 


The predictions of the general strong nonet model with 
Boson symmetry and SU(3) symmetry breaking are now compared 
with experiment. From the available data fr can not be 
obtained; as a result, the K*t-Kty rate is ambiguous and is 


quoted using f. = 0. All other rates are totally specified 


by the model. 


The predictions’ of thissmodéleare presented ingTabie 
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(f, = 0.539 Gev +, £, = 0.420 Gev'", £, = -0.320 GeV and 
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Piae in. all Ccases,;*+ most’ of ythe Symmetry breaking enters 
through the fy Cerm ‘andtis round to se substantial (803). 

Many of the inconsistencies of the nonet model are 
resolved inthis symmetry breaking scheme: $+my proceeds 
through the symmetry breaking terms; both [(K*°+K°y) and 
r(¢eny) are independent of [(weny) and may take their measured 
values. The inconsistency of the pry and wry rates does, 
however, remain--if [(wenry) takes its measured value, I(p>-my) is 
Peecicted too large™ by “a factor of 2/2. “This problem is 
discussed further in the next section. 

The amount of symmetry breaking required in these fits 
causes some problem for rates which are reasonable in the 
nonet model. In particular, [I(p>ny) and [(weny) are predicted 
footlow and “'(n'=oy7)/r (nay) too high. Solution 4 (£5 = 0.623 
1 L 


Gaye, oy =04 269. GeV “4, £ S005 fh Gev aera oo Oe 
i 


GeV -) fits to the five established rates, I(p>ny) = 50 + 13 Kev, 
T(weny) = 3 + 2 KeV and I(n'>py)/T(n'*wy) = 9.9. Theprny and urny 
rates may be obtained at the expense of a slightly wide 
K*¥°>K°y width, but [(n'+py)/T(n'ewy) remains about 14. These 
rates are examined again as the strong nonet and Boson sym- 
metry assumptions are lifted. 

That the predicted values of [(K*+t+Kty) sometimes ex- 


ceed the experimental upper bound is of little concern. This 


width may be brought within bounds by adjustment of f.. 


5.4 The p-ry Width 


The failure of this model to predict the measured p-ry 


rate is a serious shortcoming. In this section, three 
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remedial suggestions are explored. Working within the context 
of the present model, the measured p+ry width may be accomo- 
dated by changing the vector mixing angle. This solution is 
considered inadequate because the narrowness of many of the 
e@edecay widths could no,longeribe attributed to the OZI rule. 
A second solution is to discard VMD--a strong nonet model 
with no Boson symmetry provides a consistent description of 
the five established decays. A third possibility, which is 
not entirely fatuous, is that the measured p>ty width may be 
wrong. 

To understand why the present model predicts 
[T(p+ry) v~ 80 KeV when [(w>ty) ~ 880 KeV, it is convenient to 
examine the unitary symmetry structure of the corresponding 


decay amplitudes. From (5.7), 
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not altered much by a small value for oo 


That adjustment of 6.. may lead to a consistent 
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solution for the pny, wety and o-7y rates is seen from CS aba) 


From the experimental rates, experimental values of oT: 
ay and era are obtained: 
-1 
g = £0.15(98)} GeV -, 
py 
g 1 = £0277(81)> Gey > 
wT Y ; 
-l. 
g = £0,.04(13) Gev C5256) 
omy 
These values are consistent with (5.15) if 8,7 =ut 24 °Or 
-1 = 
+ 18°. Solution 1 Table 8 (£, = 0.473 GeV, £, = 0.723 cev -, 
Po =0.616 Gov’ and /f. =-0.236 Gey) fite ~the fivelestablished 
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rates to the strong nonet model with Boson symmetry and 


8x7 = 24°. Notice the very large! SU(3) symmetry breaking 
necessary to’ account for: the narrow ¢=7yewidth. Thisais 
Similar to the case of the SU(3) model of Boal, Graham and 


Moffat--here too, large deviation from ideal vector mixing 


is accompanied by large symmetry breaking, nonet symmetry 


breaking in this instance. The strong nonet model with Boson 
symmetry and a = 24° has trouble with the newly measured 
n and nn" rates. [T(p>ny) and [(weny) may be raised to near 


their observed values, but then I(K*°>K°y) »v 180 KeV and 
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P(n'+py)/T(n'>wy) % 70. Nonideal vector mixing might be 
Justified on the basis of Overwhelming success but here only 
partial success has been found--another cure for the o>TY 
rate is sought. 

DE 8. is to be ideal, a model must be found in which 
(5-15) is not valid. The nonet symmetry structure is not the 
source of the problems for only octet relations are needed 
mowcdecuce =(5713), and nence, (5.15). "Totexplain ff (pry). 35 
KeV, it is necessary to abandon VMD. That the measured p->Ty 
rate is inconsistent with VMD is seen again in the next 
chapter. In the next section, it is demonstrated how remov- 
ing the Boson symmetry can explain the p-tTy rate. 

Before giving up ideal vector mixing or VMD, it is 
reasonable to consider the reliability of the measured p-ry 
width. This rate has been measured only once [4] ina dif- 
ficult Primakoff effect experiment. The data analysis is 
quite complicated since the relative phase of the coulomb and 
strong production amplitudes is unknown. While suggestions 
bi 4ie that vthevanalysis might admit the further solution 
[T(p>ty) ~ 80 KeV have been effectively rebuffed by the 
experimenters [4] doubt still hangs over the published rate. 
Another measurement of the p>-7y width, especially in an eter 


experiment, would be desirable. 


5.5 Loosening the Symmetry Assumptions 


In this section, the Boson symmetry restriction is 


lifted in an attempt to explain [(p+my) v 35 KeV. The strong 
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nonet symmetry assumption is also loosened to one of weak nonet 
symmetry--this may offer an explanation of the recently 
measured n and n' radiative decay processes. 

The strong nonet symmetry model with no Boson symmetry 


uses (5.6) where now 


SJmin — ae Gin y 5 e Fy 2 ae 43 4 Fkmn 

eo oa) > os) Cenk thi (ose ogy on) ee 

+ fe Coe Seer fo Sane ame f. Som in’ (5.17) 
Two redundancies occur in (5.17)--one is due to the general 


identity (2.16) and the other, which holds for all processes 
except K**—Khy,. follows from (599) 06As Vavresultesivertcoupling 


constants characterize this model when K*tsxKty is not con- 


sudeted- © foyut /, .fpefs cand sts. ehiowobtain T (K*tsKty), fs 
must also be specified. Solution 2 Table 8 (f, = 0.472 Gavet, 
£, = 0.580 GeV, £2 = -0.469 Gev'", £, = -0.189 Gev” and 
Bpe=ns0051 Sues) fits the five established rates. If [w=ny) 
= 3+ 2 KeV and [ (ny) = 50 +13 KeV are also included in the 
fit solution 3 (£, = 0.610 Gev", £, = 0.329 Gev~, £,=-0.051 
eaves, £, = -0.162 Gev'| and £, = -0.050 Gave (iomenes noc 


As expected, I(p>my) v 35 KeV may be obtained if Boson sym- 
metry iis mot tin \force: ouThe ymmand yn Serates poseeasproblem 
Similar to that of the strong nonet symmetry model with Boson 
symmetry. The five established rates require so much symmetry 
breaking that p>*ny and w*ny become suppressed; if these last 


processes take their observed values, the K*°>K°y width must 
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increase. Furthermore, the Min" >07)7 2 (co ouy pe ratioeis 


predicted too high. 


The weak nonet symmetry model with Boson symmetry 


uses the following pk ag 
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Prom (2-17) and (529), it is seen that two redundancies are 


present for all decays except K**+Kty. The constants ioe, fae 


for fo, fy and fio Characterize the model for most decays; 


only for K*+>+xKty must f, also be specified. Since this model 


3 
satisfies Boson symmetry it is expected to predict [ (p>Ty) 


Peon Gabe solution 4tabless (£5 =.0)silee-vEe) £, = 0.602 


Coen, £, = -0.196 cev !, £, = -0.118 cev lt, £, = 0.877 


Gaye. and foo = -0.154 Coun) fits to the five established 
Bates, (a-ny) = 3 + 2 KeV.and si (o2ny), A502 als okev. 

For processes not involving n and n', these predictions 

are similar to the strong symmetry model with Boson 
symmetry. In this model, F(w>ny) and [(p>ny) may be 
accomodated without a large K*°+K°y width. Problems however 


occur for f(n'>py) which violates its upper bound. The ratio 


T (n'soy)/Tin'swy) = 9.9 may be obtained, unfortunately this 
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must be accomplished by raising [(n'+wy) above its bound, 


rather than by lowering I(n'>py). 


The most general SU(3) symmetry breaking model with 
nonet symmetry is the weak nonet model with no Boson symmetry. 


For this scheme, 
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BuOnmetc. 6), (2.17) and (5.9), three redundancies) are 


observed for all processes except K*t>Kty. The constants 


eet ef and £ 
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is needed in addition to predict I(K**>Kty). Solution 5 


- -1 
lens vee = Onl 72 Gave £, = 0.586 GeV, £, = -0.205 
~ -1 
Semen on om cary Ea y= O0la ceva ean = leo eS 


Cav and fio = -0.087 Gev +) fits. to tier Live ,estabiicned 


Cacay ttuonyy = 3 £ 2°kheV and P(o>ny)) —) 50g lo Neve Lic 


Ae ‘E characterize the model; f 
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Only problem is with the n* rates: T(mn >ey) Violates: 7Es 
Mopper pound and =I (n° -ey)/f it 7Oy) “to thew last ratio 
may be reduced to the observed value Dut, aS 2a result, 
T(n'swy) also violates its upper bound--this is similar to 


the other weak nonet symmetry model. 
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Boe (Conclusions 


The symmetry breaking structure of the symmetry 


8 
models with nonet symmetry is able to account for the 
observed w>ty, K*°+K°y, ¢>m7y and $¢-ny rates. It is 
especially interesting that [(¢+ny) v 6 KeV may be obtained 
even when ideal vector mixing is assumed. 

Using ideal vector mixing, the observed p-7y rate 
can only be explained by abandoning the Boson symmetry which 
a VPy model should have if it were compatible with a VVP 
model through VMD. Imposition of Boson symmetry would 
require that [(p-7Ty) ~~ 70-80 Kev. 

In the strong nonet models, the symmetry breaking 
meeded| tO explain F(w-Ty), F(K*°sK°y), [(¢>ny) and P(¢>ny) 
wesulcs in a\isuppression of T(w>ny) and T(e-nyje Only ana 
weak nonet symmetry model can these last two rates attain 
the lower of their possible observed values while maintaining 
Ene proper rates for the first four rates. 

The ratio Tin! oy) 7I in shy) Es found tobe vapnout 
15-25 in most of the models. In the weak nonet models it is 
BOssitble to.get £(n">py) JP in ay) © 10sby a siighevadjuse— 
Ment of [T(w>ny) and T(p-ny) about their observed values. 
Uncoreunately both Tin'say) and 7 (nn >o7) chen violate guste 
severely their experimental upper bounds. 

It is clear that none of the nonet models gives a 
completely satisfactory explanation of the observed radia- 
tive decay rates. What successes that are seen seem hardly 


remarkable given that the number of explained data usually 
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78 
equals the number of available coupling constants. 

On the other hand, all the nonet models with hg 
symmetry breaking can explain the four well measured 
nondisputed rates. The remaining data which seem difficult 
to explain are not on such firm ground experimentally. A 
measurement of op°-n°y is needed, the phase problem with 
weny and o-ny must. be resolved, absolute rates for n'>wy 
and n'+opy should be obtained and, in addition, the remaining 
rates, I(K*t=Kty) and [(¢-n'y), should be measured. Until 
some of these rates have been better established, it would 


be premature to eliminate any of the nonet symmetry models 


as possible explanations for the radiative decays of mesons. 
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CHAPTER Re Vi 
OTHER RADIATIVE AND HADRONIC DECAYS 


oe lew thne.Basic..Interactions 

As described in section 1.7 and illustrated in Figure 
1, many different hadronic and radiative decay rates may be 
predicted once the VVP and VPP hadronic vertices and the 
MODeaVwe vertex are known. in this chapter, three different 
VVP models are used along with standard versions of VMD and 
the VPP interaction to predict rates for such processes as 
teorye P-yy, P>PPY and V>PPP. 


The Lagrangians of interest are 


+ = : u v re) Oo 
Km fo = Got pte ek (peas (em) (Delete) 
toni k= = H(p =p.) (6.2) 
Tae ee oa nee om eee ee ; 
2 if 
te) a tee Me Geta 643) ° (6.23) 


0 
Both (6.2) and (6.3) are the standard SU(@) Gagrangians:. 
Depending on the form of GyM Npi in (6.1), the VV2 Lagrangian 
may or may not demonstrate SU(3) symmetry breaking. 


Each VVP model to be examined stems from a VPy 


model with the required Boson symmetry. If 
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where n is now a general vector index. For a model with 


nonet symmetry and no SU(3) symmetry breaking, 


FyMyMpi = dain: 
In this chapter, the SU(3) model with nonet symmetry breaking 
Of Boal, Graham and Moffat [15] is used (gine Erom. Cl, UG) 
Also, the strong and weak nonet symmetry models with SU(3) 
symmetry breaking are discussed eas ELOM WCD <i alice aC ore 6G) 


respectively). 


6.2 The P+yy Width 
Only the VVP vertex and VMD are needed to describe 
the V+PP decays (see Figure 1b). Using (6.1) and (6.3), the 


reduced T-matrix for P+yy is 


i iy u v 0 5 
T,(P yy) = SLi, SoG (Dp) (e) (p.) (e) ’ (G50) 
where 
ae 
Spiyy = — 2 Sy™ypt Sny?my’ 
g 
0 
The decay width is 
a : 2 3 
ase ee rata Meisner] Oe (6.6) 


By comparing the structures of the V>Py and P>yy 


amplitudes, an interesting relation is obtained: 
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Sin cos 8 
BP ay Ne CG) 
4 13 V3 


This is a restatement of VMD. 

From (6.7), it is expected that the previously 
encountered inconsistency between the measured o>Ty width 
and VMD should be reflected in the n+yy width. The experi- 
mental amplitudes for the p-ry, wemry and $+my along with 
Pea eo. May be used in (6.7) to predict that ayy decay 


V 
empolitude. It is found that 


Pen yy) t= 4-7 ev Ore5-7 ev, (6.8) 


depending on the relative phase of the $>7y amplitude. 


Experimentally [1], 


Pireyy) = 7-85 £0.54 ev. (6.9) 
Clearly the measured values of [(p>ty), I(wety), I (¢>7y) and 
[(m+yy) are not consistent with 8, =§35 SS e"Ad ustirng 8, to 
bring about consistency, 8. =6248°%0r 155°" ts obtained: 


Motiecethat this is quite a different solutions tor 8. than 
was found in chapter V to make [(p>7y) and [(w>ty) mutually 
Gonsistent. There is no value of 8. that reconciles the 
measured p>7y rate with other measured rates and VMD. 

Tie relation (6.7) holds Vi) Pp 1y) wore veVeonaa rr 
6 ~~ 38°. For both the SU(3) scheme with nonet symmetry 


V 
breaking and the nonet scheme with SU(3) symmetry breaking, 
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g pros cares Orel) 


in ee Ge BY 


and 


2e 
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re2e 
g = 3 (sin 8, cis 7 COS?) ¢45G yi. (67. Ae) 


He Gh 23 


omy 
Using the experimental 1m+yy, wemty and $¢>-ny rates in (6.10) 
end (G. ill), >2t* is found that f (p-1y) ~ 90" KeV*and that 


8. = +32° or +38°. These schemes are expected to be most 


successful if 8. is near its ideal value; furthermore, they 


are not expected to account for the observed p-tTy rate. 


6.3 The V>PPP Width 
As seen in Figure lc, the two strong vertices, VVP 


and VPP, are needed to describe the V>PPP decay. The 


k 


me , 
process V +P pJ is considered to occur in two stages: 


yey oes followed by Vo oPaPs: other permutations of (ijk) 


aAlsouoccur. The reduced T-matrix is: 
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where n, the index of the intermediate vector meson, is 
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summed over all possibilities. 
The two decays to be discussed here are wenn Tt 
and on ae. For these cases, the intermediate vector meson 


toediways p and (6.12) simplifies: 


1 eae u v 0 Oo 
Pee wn) eSymbe Ty e ayn. Gee) Re) Coe a 
i is ck - 
Gall Gaatroneaenes: 6 (Gutaeretn geek Gass oi, & 
pepe) P,+Po : Pagosvec! 
C683) 
The decay width is: 
ie yt alee 1 ue 2 2 
r(vo on ™ 7 ) = , 5 3 (4 chal cee Mn 
(27) 
64 (p “Dork al) 
3 3 Sica ae 
x fd p.dp dip, 
+ oe 6 ME ye 
x F F* (B.xp_) + (p,xp_), (6.14) 
where 
or 5 "i ——,-—— _ 
= = + -M “-ir M 
epee ei lM (Peeoo ea, ses 
1 


2 peat 
oe =-M g=-1) aM 
(P_+Po) p p 9 
This modified p propagator is used in order to incorporate 


the finite o lifetime. The decay width is abbreviated 


Die i m 
r(V s-7r°nt wt) = a 5 3 (Som a Mn yee 6 VD Nae (G25) 
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where the phase space integral is hidden in X(V'). When 


needed, this is evaluated numerically using a programme due 
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to Torgerson[38]. 
VMD relates the V>3P and V+Py rates in a Simple 


Pocsh1on.n From, (6.4), 


Sumy S. Juon V3 Jwv8n'! 
2Ze rE 
In all the VVP schemes of interest, both 3993 and 5593 
vanish. As a result, for all the schemes of interest, 
ly J a M,, 
T(w>3n)/T (worry) = ee ee ao (6217) 
4 2 2 23 
27 e (M “-M °) 
W T 
and 
ag 4 M, 
Beeb ony) =|) = (6.18) 
2r oe (M ait se 


The experimental ratios [1] agree with these theoretical ones 
Bouwithin 10%. 

The K*+Knn process may also be discussed using this 
V>PPP formalism. In [39], several VVP and VPy models are 
mised tO predict the rate of this decay. Not only does this 
rate appear to be large enough to measure, but it also seems 
G@uite sensitivescto the details?) of the VVP or VPy model used~ 


A measurement of this rate should provide a good test of the 


popular VVP and VPy models. 


6.4 The P+PPy Width 
The P+PPy decay (Figure ld) uses VMD as well as both 
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permutations of (ijk) and (mn) also occur. The appropriate 


reduced T-matrix is: 


u v 0 Oo 
Bera ae Ces Coan ees Gen) 
T,(P PIP*y) = de Semen ft aon a n d J 
J ny  uvoc (plto. jae 2 
Sh os m 
u Vv @) 
ig aae Shh ae Ce.) (po) (pss (pi) 
vViyNPJ “mik ny uvoed foe a 2 
Pi Py m 
(ooo (pe) ioe ere nhs 
ee ein tae ee : : ; : 
¥ Vv 
J eye (p5+P;) ae 
(6.19) 


; + - - 
The two decays of interest are n>17 7 y and non om ve 
For these decays only the first term of (6.19) is active; 


© is the intermediate vector meson. The n decay width is: 


2 
2 6 
r(n>r 1 y) ae (4e Fyn eat M 
sconce gts Alacra e ia! 
x Jdip.dop die) aaa EEE 
a a ee 
ae ae Pap ig a 
(p,xp_) (p,xp_) (6.20) 
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A corresponding expression holds for the n' decay. Notice 
that the finite p lifetime is again included in the op 


propagator. This decay width is abbreviated 
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where Y(n) incorporates the phase space integral. When 
needed, Y is evaluated numerically using a programme due 
eesTorgerson (38). 


Sincezefrom (604) 


Jony g Joyny ny’ 
meerol lows that 
3g “MM Py (n) 
T(netmty)/T (peny) = ————>—_ = = 0.0025 
ee (M 2 2) 3 : 
@) nN 
g 2M, “¥(n") 
Piney) /P (nispy) = 5 ia ims 0. Gok 2e (6223)) 
4 (M ree ) 


These ratios are predicted by all the models of interest. 

Only the first of these ratios may be compared with experi- 
ment. Using [(n-m7ty) = 0.0416 + 0.006 Kev [1], IT (p>ny) »v 17 
KeV is predicted--this is much lower than the recent results 


of Andrews, et al. [7] suggest. 


Geo, The Predictions of the Models 

The SU(3) VPy model with nonet breaking [15] and the 
nonet VPy model with SU(3) breaking are now used to predict 
arvariety of decay rates. Besides the V>Py and P-Vy rates already 
discussed, the rates of the following processes have been 
measured [1]: m-yy, n-vy, w>e3m, o>37 and ne>mmy; the n'>nny 


partial width is also available Pll. sine ther rottowing, tne 


model parameters are fit to the measured rates of these nine 
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decays: w-ty, K*°+K°y, o>TY, O>NY, THYY, NYY, wr3T, O>3T 
and n>m7y. In the weak nonet model, the fit also includes 
the lower of the possible w+ny and pny rates [7]. Since 
[T(p+nry) ~ 35 KeV is known to be incompatible with all these 
models, no attempt is made to fit it. 

thesfirs tt three-solutions  ofeTab les 9suse=the-surea) 
Symmetry nonet symmetry breaking model of Boal, Graham and 


Meteat [15]. Solution d= (Gg =:02681 cova f= O46. Ga, 


f')=)0.778 Gev +) uses Pe eerste teen eedhihar Velie! Sit 
morecOMparison with solutions’ 4’ and'S) Solution®2* (qt="0.523 
Eevee = 0.747 aie Or GM Gains) wagee Go age Saeand 
meer -10?. Solution 3 (g = 0.719 GeV ~, f1= Oele2 Gove 

f' = 0.761 GeV") uses 6, = 37° and 6, = -24°. These last 


solutions should be compared with those of Table 2. Of the 


three mixing angle possibilities, the ones with 6,, almost 


V 
ideal work marginally better than the one with o. = 24°-- 
Enis follows from the discussions of Section (6.2). Even 
Sowmnone of thesesmodelseworkstwell am TF (K*8eK%y);, TXo=-my) 


and [(¢+ny) are all high approaching their nonet values; 
meanwhile, I(n-yy) and I(n*yy) are low and [(n-mTy) is 
much too high. . The SU(3) model with nonet symmetry breaking 
Hoses tts ability to account for the V~Py rates when faced 
with the other hadronic and radiative decays. 

The last two solutions use nonet symmetry models with 
Boson symmetry and SU(3) symmetry breaking. Solution 4 
(£, = 0.592 Gevt, £, = 0.438 Gev'?, £, = -0.311 Gev™, 


fo = —0.055 Cave) uses strong nonet symmetry; solution 5 
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TABLE 9 


Predictions* of Meson Decay Rates in 


Two Types of Symmetry Breaking Models 


Decay Mode Soln l Soln 2 Soln 3 Soln 4 Soln 5 Experiment 

w> ry (810) (1000) (810) (960) (960) 880 + 60 [1] 
K*°+K°y (160) (93) (180) (90) (69) 7S #9356 (1) 

p+ny 71 42 79 85 86 35 4 10) {1} 

oony (6.0) (5.4) (6.0) (5.7) (5.8) Sy 2 Th) 

o+ny (160) (99) (150) (68) (63) 64.4) 16a 1,7) 

wny 7.5 27 4.8 0.71 (126)00 4. Ogee tz cors2one era tT) 
KttoK ty 39 23 43 190* 130* <80 [3] 

p>ny 37 29 35 16 (20). 50 + 13 or 76 2.15 (71 
n'+wy 2.8 22 0.035 12 45 <50 (1) 

n'>py 35 120 0.41 160 290 <300 (1) 

gon'y 0.35 0.83 0.30 0.053 0.35 oo 

"YY (0.0061) (0.0036) (0.0069) (0.0072) (0.0073) 0.00785 + 0.00054 [1] 
n>vyY (0.24) (0.24) (0.23) (0.36) (0.32) 0.323 + 0.046 [1] 
n'eyy Z2 6.3 0.050 6.2 8.3 <20 [1] 

w>3n (7500) (9300) (7500) (8900) (8900) 9000 + 400 [1] 

+3" (690) (620) (690) (660) (660) 670 + 70 {1) 

n>"8y (0.091) (0.072) (0.086) (0.039) (0.049) 0.0416 + 0.006 [1) 
nionny 34 110 0.40 160 280 ae 

Cnty) 71.in* 07) 13 54 12 13 6.5 9.5.4 2.0 [8] 


P(n’>yy)/l (n*>o7) 0.062 0.055 0.12 0.038 0.029 0.066 + 0.011 [1) 


Nee eee eee ee eee eee eee 
u All rates in Kev. 


* May be adjusted by appropriate choice of f3- 
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fe" 551 Gev —, = DeHeS Nee 2S OO ai 
0.021 Gevi  £. = 0.567 Cave WEES) |= 0.0e6 caves) 
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use weak nonet symmetry--6,, = 35° and 85 = -10° are used 


in both cases. These solutions should be compared with 
Ghose Of Tables 7 and 8. Both models can account for the 
nine input rates. As expected, in both cases I(p>ry) »v 90 
KeV. In the strong nonet model, [(w-ny) and I['(p+ny) are 
predicted lower than measured [7]. This time when the strong 
nonet symmetry is loosened to weak nonet symmetry, good 
agreement is not achieved for I(o7*ny)--according to (6.23), 
[T(p>ny) can not be as high as measured if [(n>tm7Ty) is to 
remain at its measured value. Problems also occur among 
theey' “partial widths. 

Of’the two principle “explanations of ‘the V+Py decays, 
SU(3) symmetry with nonet symmetry breaking and nonet 
symmetry with SU(3) symmetry breaking, only the latter 
Survives extension to other types of decays. While previously 
encountered problems with I(p>ty) and the n and n' radiative 
decay rates persist, no new problems appear for the SU(3) 


symmetry breaking scheme in the treatment ofitheor=;7; 


V>PPP and P-PPy decay rates. 
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CHAPTER VII 
RADIATIVE DECAYS IN AN SU(4) SCHEME 


firieyihe Adventsof *Su(4) 

tThetexilstance ofa fouuthtquarkewc, provides the 
Simplest explanation for the narrow width of the w(3100) I” 
particle. If py is a pure cc meson, the OZI rule, applied 
now to four quarks, requires that » should decay very 
Slowly, if at all, into particles constructed from the u, 

d and s quarks. An SU(4) classification scheme is lent 
further credibility by the observation of particles with 
naked charm [40]. 

Several radiative decay modes of w~ have been 
Observed. Rates are now known [19] for the decays yory, 
Weny and ypon'y. According to the OZI rule, all these 
processes should be totally suppressed. Assuming that the 
recently confirmed [41] spin zero charmonium state at 
Bround 2.8 GeV is the T = 0, Y =0,,C = 0 icc ne: meson 
Det the decay rey is expected to proceed vigorously; 
instead, experiment [20] suggests that i yen se) <n IK ev 
While the first three decay rates might be explained by a 
small admixture of uu/dd/ss quark content into y [42], the 
extreme suppression of Coney requries a more drastic 
solution. One suggestion has been the use of multiplet 
Mixino= (431% sAnother possibility is that of symmetry break- 


ing. In this chapter an SU(3) symmetry breaking scheme is 
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extended to SU(4) in the hope of explaining the radiative 


decays of » as well as the SU(3) radiative decays discussed 
earlier. 

Other radiative decays of interest within the context 
of SU(4) include D*°=D°y, D*tspty and F*tsFty. Because the 
charmed vector mesons have such low masses, t and y emissions 
are the principle decay modes of these mesons. 
vec The SU(4) Particle 

Classification 

The vector and pseudoscalar mesons are assigned to 
the two 4@4 multiplets--a 15-plet and a singlet. Similar ito 
the SU(3) case, the T = 0, Y = 0, C = O mesons are mixtures 
of the 15-plet and the singlet. 


The vector mesons have the following SU(4) content: 


i» SSeS = 5 Gees oS 

tne peels, 

|K*t> = [Ket = 5 ([4> - i[5>) 

|K*°> = |K¥e>" = 5 Gl Gece) 

Ipte> = [DFe>T = 5 ([9> + illo>) 

Ip*t> = [p> = = ([11> + i[12>) 

|pet> = [peo>? = 2 ([13> + ifl4>) (7.1) 
The T = 0, Y = 0, C = 0 mesons are w, ¢and and are assumed 


to be ideal mixtures of the singlet and the 8-th and 15-th 
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member of the 15-plet: 


| w> = 5 | 8> +z 115> +5 | O> 


io = -/% | 8> ta b15S. + 5 | O> 
to. ie [15> + 5 Oe. (FED) 


As a result of ideal mixing, these mesons have the following 


pure quark content: 


= 5 (uu + dd) 
(o>e= ss 
a= cc. 


Here ¢ iS given the opposite phase from its SU(3) assignment; 
the SU(4) structure constants are, however, consistent with 


this choice of phase. 


The pseudoscalar mesons are similarly assigned to 


the 15-plet and singlet: 


ln > = res = 5 (11 So— = |2>)) 
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+ Sa a . | 
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a JL 
Pr soa i SOAS vgs eh es testi) (PER) 
The T = 0, Y = 0, C = 0 pseudoscalars with ideal mixing are 


L 
[ng = goles eye lis> + ee o> 


| n ir ak oo 
/3 1 
Gi hs 6 Pe ies (7.4) 


Giving n and n' the same quark content as in SU(3), 


Py = "sin to = coy lays = cose e alles 
' = = 6% = 
cos (on ie) idee sin (One tee ences) 
where oF = fare: Guna) yh See SSIS 5 yit= TOP a -and ene 


are observed to have almost equal uu/dd and ss quark content. 
The electromagnetic current is assumed to be a 


specific mixture of a 15-plet and a singlet of vector cur- 


rents: 


ei Wes Le Otte ee > Vora 
Ai = ay ower ue as ame + 3 uae (756) 


The SU(4) content of the photon is 


eo Wes Cie) 


i: ioe 
|y> = |3> + ve | 8> ay |15> + 
Other proposed forms of Sif are discussed in Appendix II. 


7.3 The Radiative Decay Scheme 


All the concepts introduced in the context of SU(3) 


have their SU(4) analogues. The formulation of symmetry 
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breaking, the OZI rule and VMD are now discussed. A symmetry 
breaking scheme for radiative decays is then developed--this 
scheme is a natural extension of the most general strong 
nonet and Boson symmetry SU(3) scheme with hg symmetry 
breaking. 

ineSU (4); three, f= 0; ¥% = "05 GC =)0escatarmopurdone 


exist: and U,. A symmetry breaking scheme in which 


U U 
seeds Bi 
charge, isospin, strangeness and charm are conserved must 


necessarily employ symmetry breaking by only A ania Nee 


ee oe 
For reasons to become evident, he or his breaking is called SU(4) 
breaking and i, breaking is called 16-plet breaking. 

The OZI rule is easily extended to include diagrams 
Gaawiewiti LOur quarks./ As ins’SU(3)., this, rule forbids 
terms in the interaction Lagrangian which involve the trace 
Over the internal symmetry index of an individual particle. 
The OZI rule thus requires that the 15-plet and the singlet 
be treated in the same way--this is 16-plet symmetry. A 
model with symmetry breaking may demonstrate either weak 
Or strong 16-plet symmetry--the former if only the SU(4) 
invariant terms. obey) the OZ1 rule; ‘the Latter if all terms 
Obey the OZI rule. As in SU(3), \. Symmetry breaking terms 
are equivalent to OZI violations. They are not allowed in 
an SU(4) scheme with 16-plet symmetry. 

VMD is extended to SU(4) by allowing y» as well as 


o,wand ¢ to intermediate a radiative decay. The VMD 


Lagrangian is: 
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An SU(4) VVP model and VMD may be used to derive a model for 
V> Py radiative decays. As in SU(3), a V+Py scheme so obtained 
has a decay amplitude which is symmetric in the vector and 
photon indices. 
The most general strong 16-plet and Boson symmetric 

radiative decay model which uses eg and his symmetry 

breaking has nine SU(4) invariant coupling constants. 


These accompany one SU(4) invariant term , four terms which 


transform as 9 and four terms which transform as his: The 
radiative decay widths are 
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rates of the type V>Py and P-Vy. In the following section VMD 


is used as well to discuss V-VP and P>2y rates. 


7.4 The Predictions of the Model 

The measured radiative decay widths are now used to 
fat the parameters of this SU(4) symmetry breaking model. 
Because all these rates are not independent, only seven of 
the nine parameters may be determined; as a result, some 
ambiguity remains in the predictions of the Ke Ke Dér =D ly 
and Bee rates. 

The following identities hold for ory, wony, von'y 


+ + 
and all the SU(3) radiative decays except K* +K y: 


eee ote km ~ Gonkokim * Sgmk¢kin’ (7A) 
oT im © olsakekim Gl snk kine (Fe A2) 
and 
i : (i242) 
oan v6 istic nn 


Asia result, a fit to these rates yields values for these 
a 
Coupling conStant combinations: g, + /& (g. - 2g,)4 (g, +295), 
*O5p° Tec ena Mousses Lio 

J3, Tyr g- and Sg: For poe and D*¥°+D°y, ( ) 
hold but (7.13) does not. Ifjeither of these decays is 
considered, g, and (Je + 2g¢) may be separately determined. 

+ + 
meorder to predict F(K* +-K y¥}), separace knowledge of g, is 

4 + _—+ 

needed; for r (D**>D yy) and. D(P*"-F 7} boc 35 and Gp are 


needed. 


In the fit presented in Table 10, the measured rates 
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TABLE 10 


Predictions of Radiative Decay Widths in 


the SU(4) Symmetry Breaking Model 


a eS eee 
[SSS eee ee ae ee ee nee, eS a eee 


Decay Mode Experiment 


WT y (870) eh Omer eh QML IKG: 
K*O>KOy (100) Wee 28 ay 

O>TY 78 35 ea On Ey i 

jee (5.9) ae 2 yh TG 
gony (63) 64 soe bien 
wony 4.9 LD Se a sre IS RG 
K*T Ky 21* <80 [3] 

sae 58 5 Ope adorei 6 aol Seat] 
n' wy 65 <0 10) 

hee 130 <300 [1] 

oon'y 0.24 vs 

pee (0.005) 0.005 + 0.0032 [19] 
ae (0.055) 0.055 + 0.012 [19] 
Rony (0.150) Ned) eset ides aS) | 
vongy Onn Ae SAE 
D*°sD°y 18 im cial 

aerate es ae -- 

apnea 0.09 "'** =a 

BR Fo 5 20 9.9 492-0 [8] 
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for wty, K*°+K°y, $>7y, o>ny, yrTY, Wrny and pon'y are used 
1 
to determine g, ye (9, + 2g6), (J, + 295), CG (ua le. and 


Se- Then (g, te 29) is chosen to completely suppress aa ee 


mie-resuilting coupling constants are g, = 0.503 coum 

Sy te 2g. = 0.248 Gaur, Cae =O Orr Geyer, See Oil NS 7 Couey 
g, + 2g, = 0.391 Gev'*, g, = 0.003 Gev+ ana gg = -0.0003 
fev. The three ambiguous rates are predicted with COs Cie = 
She 


This model gives reasonable predictions for all the 
Molt cates. The K*°+K°y rate is a little high but ‘still 
within experimental bounds. That all the three y rates are 
reproduced reflects the fact that they depend on independent 
combinations of S31 57 and Spi in particular, I(\>7y) depends 
On Je alone. That the model predicts [(p-Ty) ~ 80 KeV is 
not suprising--the experimental rate is not compatible with 
the measured w>ty rate and Boson symmetry. The predictions 
of T(w>ny) and [(p+ny) are in reasonable agreement with the 
recent measurements of Andrews, et al. [7]; the n' partial 
widths, however, are not in accord with the measurements of 
Zaveino. eb ale (oh. The predreced Raat and nee widths 
suggest that ibe is much broader than y. That substantial 
symmetry breaking is in effect rs vistble through the. D* 
radiative decay predictions--in a 16-plet scheme with no 


symmetry breaking, I(w>ty) % 880 KeV would require 


+ + 
P(Dpeesp°oy).* 70 Kev and [(D* 2D y) v~ 4 Kev. 
If instead of totally suppressing vrnays (9, 2. 2g 6) 


were chosen to satisfy the bound Peo 0365 KEVirbeu leg 
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the charmed meson decay rates of Table 10 would change. 


These bounds would be obtained: 
PoP KeM eae Dow are 121 Keys 
+ + 
DiGi TKeVi <0 (D* iD) vr 200.92 Key. 
+ + 
O704\ Kev < P(E* 2F vy). < 0.15 Kev. 


Of course, the last two rates may still be adjusted using 


35 and Te: 


7.5 Other Decays 
In this section, V-VP, P+yy and vo ouem decays are 
discussed within the context of the SU(4) version of VMD. 
The VVP Lagrangian which, with the help of VMD, 


Weadsstocthe VPy decay width (7.9) is: 


5, Sees) U Ny) le) O 
Emini ~ Je Jmin “uvpo (Pi) Sey? (Pa) Cents ens) 
where Sea ESu given ints. .0) = rhe Veo vere decay width is 

g Din, ea peed Deg oe aro 
me tse be 0 2 [(M “-M.°)°+M. §-2M ~(M_“+M.~)] é 
PiVaeye y= 06a Komeee har a m i n = ™ i 
M 
m 


(e/g) 
Several decays of the type ~*VP have been measured [20]; these 
include w-o7T, WrK*K, U’>on and yeon'. While all these 


processes are OZI forbidden, they may proceed through the Te 


symmetry breaking term. In Table 11 are listed the predic- 


tions of (7.15) for several ratios of these rates; the 


experimental ratios are also presented. Notice that I (y+p7) 
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Widths 


Experiment [20] 
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and [(w>K*K) are mutually consistant, as are I(wW+on) and 


T(y>on'); however [(wv>on) /T (v>o7) appearsl ort byeal factor 


Of about two. 


The absolute scale of the V-VP widths is also set 


Bye .1 5) From (7.9) and’ (7.15): 
ie: (M, 2-2) 
| OST ely ale emi 7 A Seay naa ommn Wecw pili ak NN 
Mei +M -2M M +M_~) 
5 ( tb “ ) £ ‘ ( ‘ ie )) 
pas) 
Using the experimental value [20], I(y*p7,all) = 0.76 + 0.19 
KeV, VMD predicts that 
T(yory) = 0.78 ev. (7-16) 
This is considerably lower than the measured rate [19]: 
r Opsry)  ="5. 0) 3.25 eve (ated cis) 
The P+yy decays may also be studied using (7.8) - 
(7210). The P>yy decay width is 
a cate e Z 3 7.18) 
PCPS ay) = 647 ci Tain? Ms . ( 
Using the coupling constants of Table 10, the following 
predictions are made: [(m>2y) = 7.04 eV, Eims2e = 0256.Kev; 
T (n'+=27) = 5.72 Kev. and Peet Ve = 280 eV... .Theslast wate is 
quoted for r (yonuy) = 0; the bound r (pony) Se Ieee Das 


T(n_+yy) < 3.7 KeV. That the n>2y width is a little wide is 
€ 

not alarming--a fit to all V>Py and P>2y data would improve 

this rate without substantially altering the V>Py predictions. 


; Y foe 
The VMD vertex alone is needed to describe V see. 
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Since this process occurs via an intermediate photon, 
+ - 
V'+y+e e , the amplitude of this process is proportional 


to ee It 1s expected that 
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While experimentally the ratio is seen to be  v 9:1:2:2. 

Unless the electromagnetic current has a strong a dependence 

a@eminarcated in (7.6)~(7.7), VMD seems to fail: 

The predictions of the VPy model and VMD seem to 

be only moderately consistant with experiment. The ratio 

of V>VP rates are very sensitive to the VPy symmetry breaking 

structure so the problem in this quarter may not be simply a 

result of VMD. At such energies as are needed to produce 

wv, higher vector multiplets, whose membership includes 

m(1600):, are also available to intermediate a radiative 

decay--perhaps (7.8) is a naive expression of VMD. In the 

context of SU(4) it is not clear whether VMD works poorly, 

as the Tienes) prediction suggests, or whether other 


complications arise to cloud the issues. 


Jeo. Conclusions 


The strong 16-plet and Boson symmetric SU(4) V>Py 
model with he and his symmetry breaking seems to work as 
welle-as the SU(3) counterpart. The rate predictions for 
the SU(3) processes are quite comparable to those of Table 


7, solutions 3 and 4. As before, the measured p->Ty rate 


is incompatible with VMD. The model is also able to account 
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for the measured y-ry, teny and w~on'y rates. Largel symmetry 
breaking is needed to suppress the OZI allowed area decay. 
Some ambiguity is still present in the Ce oKee D*'+D and 
Belor y rates, for both 35 and J¢ remain to be specified. 

The success of this V>Py model used together with 
VMD is more difficult to judge. Some ratios among the 
W?VP rates agree with measurements, some are off by a factor 
of two. The [(yrTry):I (ep) ratio is low and the P-yy widths 
are just in moderate agreement with experiment. The real 
problem with VMD appears in the prediction of Piseve le 

While this SU(4) symmetry breaking scheme provides 
amgood! description for. the observed V>Py decays,.the use of 
this model with VMD requires more investigation. In fact, 
the use of VMD itself in the context of SU(4) must be 


studied further. 
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CHAPTER? VIEL 
CONCLUSIONS 


Prep Thess (3) VePyvandiPsvy Décays 

A wide variety of radiative decay models has been 
presented in this thesis. For the most part it was the 
SU(3) symmetry structure that was the topic of concern; 
however, the mixing angle choice and the Boson symmetry 
structure of the model were also discussed on occasion. 
While no model was able to explain all the experimental data, 
some did prove to be remarkably successful and physically 
reasonable. 

Four models were presented that accounted for all 
five of the more-or-less established rates, [(w-tTy), 
Rete ok )ne tic Corry): (ery), and PC¢—ny)*-"*The’ first was 
the SU(3) symmetry model with nonet symmetry breaking [15], 
solution I Table 2; nonideal vector. mixing was used, 
8,, = 24°, The other models were models with nonet symmetry 
and SU(3) symmetry breaking. The strong nonet symmetry 
model with Boson symmetry and 6,, = 24°, solution 1 Table 8, 
accounted for all five rates. So did the strong and weak 


nonet symmetry models with no Boson symmetry and standard 


mixing angles, solutions 2 and 5 Table 8. 
Two models could account for all the established 


rates except [(p>7y) ~ 35 KeV. Given the dispute [14,4] 


over this rate, models which predict [(p*ny) ~ 80 KeV should 
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not be rejected yet. The strong and weak nonet symmetry 
models with SU(3) symmetry breaking, Boson symmetry and 
Standard mixing, solution 3 Table 7 and solution 4 Table 8 
respectively, reproduced all the five established rates 
except for [(p+ny) which was predicted near its VMD value. 
The current algebra model, solution 4 Table 6, with its 
multiple SU(3) breaking was able to account for [(uw-ry), 
P(RK*2>K°y) and &F(¢>ny). »As mentioned at thertime;. axslight 


adjustment of 6,, could produce the desired $-7Ty rate and not 


V 
appreciably alter the other rates. 

At this point, two facts have become apparent. First, 
Substantial. symmetry breaking, either SU(3) or nonet sym- 
metry breaking, is needed to explain the observed V>Py decay 
rates. Second, only two of [(p-tTy) »~ 35 KeV, 8. = 35° and 


Boson symmetry are possible. If the VPy model demonstrates 


Boson symmetry and, thereby, may be related to some VVP 


model through VMD, then either 04, = 24° and [(p-ny) v 35 Kev 
or 0.. = 35° and I[(p>7y) v 80 KeV. If no Boson symmetry is 

V 
present, then both 8.7 = 35°-and»Tf (osmty) etm 35a kKeVearne: possible. 


None of the models predicted all of I(w>ny), I (p>ny) 
and r(n'>oy)/I(n'swy) in agreement with experiment [7,8]. 
The SU(3) model with nonet symmetry breaking predicted w7ny 
and p-ny amplitudes of opposite phase but £4402A%) \wasi too 
low; all the strong nonet models with SU(3) symmetry breaking 
suggested that w-ny and p-ny were quite suppressed; in the 
weak nonet models, enough coupling constants were available 


to produce either of the two Tiwstpy) andedfpznyi.experimental 
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solutions. The [(n'>+py)/T(n'swy) ratio was even more 
problematic. In the nonet symmetry scheme with no SU(3) 
Symmetry breaking, it was high (ll) and grew even larger 
with the introduction of symmetry breaking. This ratio was 
highest (30 - 50) in the schemes with 9.. = 24° and somewhat 


V 
lower (15 - 25) in the schemes with 9.. = 35°. The weak nonet 


V 
Symmetry schemes demonstrated the additional problem that 
[T'(n'>+py) > 300 KeV; when attempt was made to fit the measured 
mn i-epy)/T(n'swy) ratio, I(n'+wy) also went above experimental 
bounds. None of these models is obviously superior to the 
others on the basis of the n and n' predictions. 

Some of these reasonably successful models are more 
justifiable than others when the phenomenological implications 
of their symmetry structure is examined. The success of the 
OZI rule in explaining the decays of strange particles 
Suggests that both nonet symmetry and 87 wv 35° ares important 
--the former forces singlets to couple with the same strength 
as octets, the latter insures that ¢ % ss. That 8. should 
be near 40° is obtained from the quadratic mass formula. 

Faced with the necessity of symmetry breaking, SU(3) symmetry 
breaking is a natural choice because of its previous 
successes in explaining mass spectra; also, the alternative 
of nonet symmetry breaking is undesirable because of its 
connection with OZI violations. The successes of VMD in 
other radiative processes suggest that the VPy model sought 


here should be related to a VVP model through VMD, the VPy 


model thus requiring Boson symmetry. Perhaps, given some of 
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the interpretive problems with VM Be ENiSe Se Ones Orathes least 
important requirements for the desired VEVemode ban wALl o£ 
these considerations point to a VPy model with nonet symmetry, 
SU(3) symmetry breaking, standard mixing angles and, perhaps, 
Boson symmetry. The strong and weak nonet symmetry models 


with SU(3) symmetry breaking satisfy these criteria. 


8.2 The VMD Related Decays 

A VPy model with Boson symmetry may be further judged 
by its ability to predict decays of the type P+yy, V>PPP and 
P>PPy. While a success in making such predictions is 
CerlLaindyssignificant,,a.failure.should not necessarily be 
blamed on the VPy model--it may be VMD which is at fault. 
With this word of caution, some of the successful VPy models 
are compared with respect to their ability to predict the 


VMD related rates. 

The models which used 8. =.24° could notgexplainwthe 
measured m>yy rate. While attempting to accomodate some of 
the VMD related rates, these models lost their previous 
ability .to-fit.the V>Py rates. The nonet symmetry models 
with SU(3) symmetry breaking, Boson symmetry and standard 
mixing angles faired much better--all the VMD related rates 


could be explained without substantially altering the V>Py 


and P+Vy rate predictions. If VMD is correct, the nonet 


symmetry models with SU(3) symmetry breaking and standard 
mixing angles are the most successful of the VPy models. 
It is worthwhile noting that, by assuming VMD, the 


VPy models with artificial 6, and the VPy models which lack 


sa" 


yeas erty: Sacre Ms a 


“ oes Hae aX 


A died: sada) re 


ait saiheea ta nthe 


Ce). 8 ny at hey Se en a A rai i ae “a yh pale Bie at 
hea, Shiota! Sp earch a oe: ogee se 7 
ah by aie Me ip ‘apy | 


perf aoe . a hans et ma ish horton a 


til ti iy syste sadn vy wats 


hah ne 


dpe 


phoRO vay a2 en Ws 


ptt ‘yin ee iwiage 


iesait sok ‘Blebow ‘bere 


108 
nonet symmetry are eliminated. These are precisely the models 
that would be eliminated on phenomenlogical arguments based 


on the OZI rule and mass formulae. 


Gea, EXtensions to SU(4) 

Another realm into which an SU(3) VPy model may be 
extended is the world of SU(4). A model would be successful 
endeed if it could explain the radiative decays of ) as well 
as all the previously discussed SU(3) decays. 

The strong nonet symmetry model with SU(3) symmetry 
breaking and Boson symmetry was extended, in a natural way, 
to an SU(4) model. The model accounted for all the p 
radiative decays without substantially altering the SU(3) 
V>Py and P-Vy rate predictions. In fact, with a slight 
widening of the K*°>K°y width, I(weny) and ['(o-+ny) were 
predicted close to one of the measured solutions [7]; the 
T(n'+oy)/T (n'swy) ratio did, however, remain in disagreement 
with experiment [8]. 

A further extension to include SU(4) VMD related 
rates was not particularly successful but VMD, itself, was 


considered to be highly suspect in the SU(4) context. 


8.4 Experiments 
In the last few years much attention has been devoted 
to the measurement of radiative decay rates of vector and 


pseudoscalar mesons. Hopefully this interest will continue 


long enough to resolve some of the theoretical ambiguities. 


While, of course, all new measurements are important, some 
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particular experiments are especially so. 

Among the SU(3) rates, the p°+r°y rate is the most 
Srucwvaly” ‘Lt 8. ~v 35° is accepted, then VMD lives or dies 
depending on the value of I(p*nry). Given the difficulties 
Of a Primakoff effect experiment, it would be desirable if 
this process could be studied in an ae setup. 

Other SU(3) processes of interest include the n 
and n' decays: pny, wrny, ¢>ny,r n'>py, n'rwy and o=n'y. 

Of these, only the third has been measured more than once. 
Since partial widths are available for n'+py and n'+wy, the 
measurement of [(n') would be sufficient to determine these 
rates absolutely. These n and n' rates would help settle 
pseudoscalar mixing angle ambiguities and would help choose 
among the more-or-less successful VPy models listed above. 

Since T (K* 2K  y) /T (K*°>K° y) is very sensitive to the 
symmetry breaking structure of the VPy model used, a 
measurement of the K*T>K" y rate would be useful. 

Of the SU(4) processes, those involving n, are of 
Phepmost interest: )- ni70y, Moun oy and v>nuy- While it 
now appears that there exists a spinless cc state at around 
2284GeV,. it still must be substantiated that 1t teally as Nee 
Only when the a rates are known can such alternatives as 


slightly nonideal mixing angles [42], multiplet mrxing [42] 


and symmetry breaking be evaluated. 
The charmed meson radiative decays are of interest 


for two reasons. First of all, radiative decay is an important 


decay mode for these mesons because, except for mt emission, 
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eherr only alternative 46 to decay weakly. Secondly, these 
rates provide a measure of symmetry breaking in a way Similar 


ep 
to the K* +-K y rate mentioned above. 


so Conclusions 

After the examination of a wide variety of VPy models 
eno ad barge selection of radiative’ decay data, several 
conclusions may be drawn. Saperen et symmetry breaking, 
either of the nonet or SU(3) variety, is needed in a VPy 
model to account for the observed V>Py and P-Vy rates. An 
inconsistency is seen to exist between VMD and the measured 
rate for op-ty--if this rate does not change, VMD will be in 
serious trouble. Except for this problem, several VPy 
schemes can account for all the reasonably established 
experimental rates. Among these schemes are some that are 
quite justifiable on phenomenological grounds; in particular, 
the nonet symmetry schemes which demonstrate SU(3) symmetry 
breaking and which use standard mixing angles are quite 
successful and extend well to describe other SU(3) VMD 
related decays and, to SU(4);, to describe the radiative 
decays of W. While the ultimate judgement of the success of 
these radiative decay models must await further experimental 
jatar ate isecilear that) the use of symmetry breaking has 


greatly advanced the understanding of the radiative decays of 


vector and pseudoscalar mesons. 


Kasay a x i ad 


3 Pc any Per ek 
ee a a 
Or a ie AR AF des sf bl Ble mote 
J q \‘ ra iy i As a 
ear an Bh ak i i 
Hoo i 
iA. chen et ee ae + i ia ai i 
ma a % ait Praia sk Air 
Pay i na y i ‘Why 
CR 
i" 


Sw sree bes ake “race hea 4 jhawes ? 


. ae "4 ony mn is 


FOOTNOTES 


The amount of symmetry breaking for a given model 
may be judged by comparing the coupling constants of the 
symmetry breaking terms to the coupling constant of the 
SU(3) invariant nonet symmetric term. In this way, it is 
seen that the baryon loop models have about 25% symmetry 
breaking. The current algebra models display about 40% 
symmetry breaking through the quark mass differences and 
another 30% through the pseudoscalar leptonic decay 
constants. The most successful models (the nonet symmetry 
breaking model of chapter I and the nonet symmetry SU (3) 
symmetry breaking models of chapter V) all have more than 
80% symmetry breaking. In an absolute sense, the amount of 
symmetry breaking needed to explain the observed V>Py widths 
is large--the decay amplitudes do not arise principally from 
the SU(3) invariant nonet symmetric term but instead have 
symmetry breaking contributions which are as important as the 
symmetric one. 

This amount of symmetry breaking should be compared 
with that previously encountered in hadron physics [49]. The 
application of mass formulae to many meson and baryon 
multiplets suggests that, with the possible exception of the 
pseudoscalar mesons, mass symmetry breaking is less than 
about 15%. Examination of several hadronic interactions, 
including v>PP, B(8)+B(8)p, B(10)+B(8)P, indicates no need 
for SU(3) symmetry breaking in the hadronic coupling 
constants. Against this background of reasonably good SU(3) 
symmetry, the amount of symmetry breaking needed for the 
V>Py decays is indeed anomalously large. 
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APPENDIX “f 
RADIATIVE DECAYS IN THE QUARK MODEL 


The Nonrelativistic Quark Model 


The Ml transition amplitude between the — and ace 


aid, bound states is to be calculated. The aoe state is the 


vector meson and is assigned the nonrelativistic wave- 


Banecteon [44], 


taJ/= feed teh) L¢ 


Vv Vv (A.1) 


Ved 
where fy contains all the spatial dependence and oy contains 
all the spin-unitary spin dependence; each is separately 
normalized to unity. For the different possible spin 


DEOJeCctions of V, takes these forms: 


oy 


Spb = qacquse 
o(S, 1) q,*4, 
iN ame V2 aay sper 

=- = nto +t (52) 
7 (S, Ly) a; +4, 


su et— ao state is the pseudoscalar meson and is similarly 


assigned a nonrelativistic wavefunction, 


The spin-unitary spin part takes this form: 
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a - <A 
re petite papctnct a be: (403) 


The interaction operator which induces an Ml transition of the 


d=th quark is [45]-< 


Hy =|aite Ei" Ose) piles 247 bee) a kaey (A. 4) 
where e. and r, are the charge and position, respectively, of 
Ene t-th quark; L. and g, are the, OrbitalvandsinesinstCraol 
angular momentum operators of the i-th quark; K and? ceare the 
3-momentum and polarization of the emitted photon; M is the 

quark mass. Because L = 0 for both the Se and Ie. states, 

the first term of (A.4) is impotent. The quark model matrix 


element for V>Py is then: 


ye. kee 
| d oe ee) oF Fily >. (A.5) 


SPH ive = <¥ i’ (kxe y 


When this has been computed, it should be compared with the 
meson matrix elements derived earlier, for example (1.9). 

The first step is to separate out the space dependent 
Danis! ot. (m. 5) ‘and yto™pertorm "the spatial integrations, For 


the i-th term in the sum in (A.5), the spatial part is 
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approximated by 1 and then the P and V wavefunctions are 
assumed to overlap completely. These two assumptions reduce 
all the spatial integrations to unity. It is at this stage 
that momentum dependence and meson form factors might have 
entered the VPy amplitude but in the usual approximations 
these features are not present. 

The, spin-unitary spin part of the matrix element is 
now calculated. Depending on the spin projection of V 
agriterent parts of H contribute, for Sets +1, 0, -l respec- 


Pively;Only Go _¢ 6, are effective: 
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ae ow 
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e5 ah ©; 
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Phe Cractcion .\ Cn SNES may be simplified using some 
as 
properties of SU(3). Each sige pair corresponds, toa 
superposition of mesons, each of which has a prescribed SU(3) 


index and may be represented by a superposition of \ matrices, 
For example, 
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In fact the state qid, may always be represented by a 3x3 
Matrix whose only nonvanishing element is the ji-th; this 


q54, State is the meson with SU(3) index m and 


x = 
( m) af v2 aa es (Aw8) 
Using this representation, 

1 1 real. 

or 2 ee ee aye iB ja 5g)" oe) 
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From the definition of the SU(3) structure constants it 


follows that 
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This expression for (e, + SEC is easier to work with when 
the mesons of concern are constructed from a superposition 
o£ qq states. 

Combining the spatial integrations and the spin- 
unitary spin sums and using mesons built from a combination 
of qq states, the full Ml matrix element for the ue pay 


decay is 


<P*|H|V"> = u d (kxe). (A.14) 


eee 
miy ~m 
Upto factors of En which are unity in the nonrelativis- 

cree limit, (A.14) 1s the nonrelativistic reduction of a matrix 


element of the form, 


Lae a leer an Ana Seek bw one) a (A.15) 
m 
Ee Nas is assigned the vector multiplet mass, this is exactly 
the same as the nonet matrix element (1.9). I€£ ae is the 
actual mass of yet some symmetry breaking through masses is 
present; compare [10]. Most quark model authors [44,45] 
start with (A.14), use nonrelativistic phase space techniques 
to calculate r(v™spty) and then adjust the kinematical 
factors to give r(v@spty) the proper relativistic form (1.10). 
The essential point is that the quark model yields the same 
SU(3) structure and the same basic Lorentz structure for the 


VPy amplitude as do calculations on the meson level. The 


only possible point of divergence involves the spatial 
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Overlap of the qq wavefunctions--if this overlap weren't 
approximated by unity, the quark model would Suggest some 
extra momentum or mass dependence of the matrix element over 


that proposed in the standard meson calculations. 


Cuark Line Diagrams 

The VPy Lagrangians of Chapter II may be easily 
visualized in terms of quark line diagrams. Particles whose 
internal symmetry indices are summed under a single trace in 
the Lagrangian are all connected in the corresponding quark 
line diagram. 

In Figure 4a are illustrated the two contributions 
Pome (iV,AsP). Picturing V as qids, the first diagram has 
strength e, and the second strength sar Chus:) accounting tor 
the total strength (e, a Se) found above. The quark lines 
of Figure 4a may be distorted somewhat, as in Figure 4b, 
thereby preparing the stage for the application of VMD. 
Eeasing the) photenssin Figure 4b, a WVP vertexrcsultss.) The 
two contributions are identical except for the interchange 
of the two vector mesons and, as a result, the sum of the 
two contributions demonstrates the required Boson symmetry. 

In Figures 5-8, all the terms of che most general 
SU(3) VPy Lagrangian with do symmetry breaking, (2.13), are 
illustrated. The diagrams are drawn in such a manner that 


VMD may later be applied. In the most general scheme, each 


of these twelve diagrams has a strength which is independent 


of that of the other diagrams. 
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Figure 4. Quark Line Diagram for V>Py. 
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In Figure 5, the SU(3) invariant contributions are 
shown. Notice that the diagrams in Figure 5b and c have 
individual disconnected initial or final state particles-- 
these diagrams represent OZI violations. 

In Figure 6, the totally connected diagrams with one 
Ug Scalar spurion are given. These diagrams represent three 
of the OZI allowed Ag symmetry breaking terms. 

The other three OZI allowed do Symmetry breaking 
ferns are represented by the diagrams of Figure 72 ‘These 
diagrams are pairwise connected. 

In Figure 8 are the remaining contributions. Each 
diagram has one Us and a disconnected V or P. These diagrams 
represent symmetry breaking terms which also violate the OZI 
rule. 

The two types of nonet symmetry are imposed as 
follows. For weak nonet symmetry, SU(3) invariant OZI 
violating terms are forbidden--Figure 5b and c are not 
Permitted. For strong nonet symmetry, no OZl violating terms 
are allowed--Figure 8a, b and c are also forbidden. The 
remaining symmetry breaking terms may simulate OZI violations 
but when the U, scalar spurion i1s),remembered,, are (seen to) be 
properly connected. 


If VMD is to be compatible with the VPy model, removal 


of the photon from all these diagrams must result ina 


legitimate VVP vertex. Erasing the photon from all these 


diagrams, it is seen that Figure 6a and c are identical except 
7 


for the interchange of the two vectors; likewise, Figure 7a 
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and c are Similar. Since a VVP model must demonstrate Boson 
symmetry, Figure 6a and c and also Figure 7a and c must have 
the same strength. This is the Boson symmetry condition 
derived in Chapter II. 

While all the possible symmetry breaking structures 
may be ennumerated without the help of quarks, it all becomes 


clearer when guark line diagrams are used. 
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APPENDIX II 


ALTERNATE FORMS OF THE ELECTROMAGNETIC CURRENT 


The, electromagnetic current in. SU(3) 4¢e usually taken 
to be the following superposition of the third and eigth 


members of an SU(3) octet of currents: 
Jan 0= a ar ‘3 Jie (B.1) 


As a result, ages couples to the quarks according to their 


charges: 
em a = l= l= 
"he += = = : Bid 
day zu las 3 d ie 3 8 Y,s ( ) 
The u = 0 component of ere integrated over all space, is 
a quark charge operator: 
OS (B.3) 
Q al cam 


and, after a nonrelativeistic reduction, the spatial part 


Cf” gives rise to a quark Dirac magnetic moment operator: 


uae essa (B.4) 
e ae 2m; a 


where e. and m. are the charge and mass of the i-th quark and 
eb i 
n. and o. are the number and spin operators in the space of 
a i 
the i-th quark. In Appendix I, (B.4) was used with degenerate 


quark masses. From the charge operator (B.3), the Gell-Mann-- 


Nishijima formula may be deduced: 
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Q=T i aN (B.5 
aun 5) 


Singlet Contributions to g@™ 
Bohm and Teese [13,46] suggest the possibility of a 


Singlet contribution to the electromagnetic current. With 


eigen 5 Uy Came, : 
J RIG Shae e peor 


u us (Byx6) 


interesting consequences are found for meson radiative decays. 
Assuming the usual particle assignments and nonet 


Symmetry, this current gives the following v' pty vertex: 


ee ue 
Smiy — Bonide nae | ays Cnet geen ae 


As a result, 


F990 


g = Jo (5 + yee) (B.8) 


and the w-ry and p>-ny rates are independent. 

This model is equivalent toa he symmetry breaking 
model in which the standard current is used. The vertex 
(Ber) is the same as 


> 1 
g P = Chis (di ae V2 a Son Si? (6.3 Bie ie 54g) (B.9) 


Introducing a singlet part to the electromagnetic current is 

equivalent to using a specific type of Ag Symmetry breaking-- 
(B.9) is the amplitude for a eg symmetry breaking model with 

strong nonet symmetry and no Boson symmetry; compare (Peasy 


with all the coupling constants except f, and f- equal to 
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zero. It is the lack of Boson symmetry which allows T (w>ty) 
and T(p+mny) to be consistent. The experience of Chapter V 
suggests that the w>ny, p-ny, n'swy and n'+py rates can not 
be explained in this scheme--this is also found by Bohm and 
Teese [13,46]. 

It 1s not clear a priori how such a singlet current 
is constructed. One possibility, the interpretation taken 
mes |, 1S that J° is a singlet current constructed from 


the three quarks already used: 
oF U +d +s : B.10 
oF u yu d Yd s,s ( ) 


Such a current couples to all quarks with the same strength 
and, when taken between baryon states, is seen to be propor- 
tional to baryon number. This appears to be the type of 

singlet Bohm and Teese use in [13]. The problem with such a 


Sangles as) thateit sesults’ in a modification of. the Gell-Mann 


--Nishijima formula: 


B (poy) 


and assigns incorrect charges to the observed baryons. 


The other possibility is that J° is constructed 


from new quarks; perhaps, 


eras 2 eS aS B.12) 
My acy S Tee ce 3 cave 3 b 0; Z ( 


In this case, the singlet current makes no contribution to 


the "old" baryon charges but may possibly affect the baryon 
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magnetic moments. This is the type of current Bohm and Teese 
use in [46]. Unless the singlet current is explicitly given, 
no connection can be made between the baryon sector and meson 


radiative decays. 


Quark Anomalous Magnetic Moments 
Another way to alter w=" is to introduce anomalous 


Magnetic moments for the quarks: 


ee C6 one (eee 
<i a 36) AL 
where 
rar 
. = — + K.y.- 
yt 2m. re 


Assuming that the u and d quarks have the same mass and 


letting m/™ =€, 


1 
xc ae te P 
1G u ( 5 K.) 


ae (B.14) 
where 
Ce &, 
Bees ori ces ag 


These magnetic moments result in a VPy vertex of the form: 
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For processes which use only the Spatial components of gee, 


it appears as if 


zem ~ ) ae 
ai. 


u ies Paes (B.16) 


or equivalently that 


emt 2 3 | 
eee a (uy Uy ) ue 
1 8 
ty ye (uy Tous te 
/2 3 
vu (uy ees u3)dt). (Br 7) 


Because (B.3) and the standard Gell-Mann--Nishijima formula 
still hold, (B.17) must not’ be used to calculate charge. 

For arbitrary values of the quark magnetic moments, 
this J©™" is seen to have oF and ae in non standard proportions; 
also, some singlet contribution is present. The standard 


relative amounts of 3? and 3° are restored if 


> Baus 
Oe aie ve ( ) 
and the singlet vanishes if, 
=O. (B29 
Wy eis om) + H3 ) 


Quark anomalous magnetic moments may be generated through 
strong interaction corrections using the standard electro- 
magnetic current. If degenerate quark masses are used in 
such a calculation, (B.18) and (B.19) automatically hold 


iMate (t is clear trom (B.5)). co (B.17) that nondegenerate 
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quark masses, even without anomalous magnetic moments, are 
fficient t d sie 
Surricien O produce an unusual apparent J. 


The vertex (B.15) may be rewritten: 


PS oe er ea 
(uy ‘i 2u,) Son aoa uy V3 woes 


L,Sifeegi at 0 ar St ,8 (B.20) 


This model too is a special case of a de symmetry breaking 


model with strong nonet symmetry and no Boson symmetry; 
compare (2715) %with all*coupling  conStants*except“£.5 fy 


(=f£,), and ‘£./ equal ~to,zero:* “Again; Lt is* possibile te 


i 
reconcile [(w>7y) and [(p7>Ty) but problems occur among the 
n and n' rates. 


Because this model may be used in both the baryon 


ana meson sectors it’ is instructive to’ examine some of its 


predictions. The following symmetry breaking parametrization 
is used: 
Sumy Ser ae 
1g = 5 $e a a 
Sony 1 2 
Diy 2 Uo + H3 
ech :Cikevwehi te, 7 Ene | (B.21) 
pTy Wa Hy 


In the quark model with no anomalous magnetic moments and 


degenerate quark masses, .r© =,3 and == -2; the same predic- 


tions hold in the nonet symmetry model of Chapter I. In terms 


of these parameters, the baryon magnetic moments should occur 
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in these ratios: 


Bisel Scrap 
Un 


Sif=— 5x 
Aad bape 
Pa ER Ge (B.22) 


Ideally, r and t should be chosen to satisfy (B.21) and (Baz) 
Simultaneously. Unfortunately, the experimental measurement 
[1] suggest that these sets of equations are not consistent 
anoOsonly ‘One: of :(B.2))) and (B.22) can hold. 

Choosing r = 321 and t = -1°8, the experimental 
values for Eg tee and Diy tes are Obtained. “Fixing ge sin (pelo) 
so that [(wenty) = 880 KeV, predictions very similar to the 
nonet predictions of Solution 1 Table 1 result. The only 
Significant improvement is [(¢>ny) = 71 KeV; one mild 
improvement also occurs, [I (K*°>K°y) = 150 Kev. I (p-mTy) 
remains near its nonet value and $¢*mty is completely forbidden 


with ideal vector mixing. 


Choosing r = 4°9 and t - -1°9, the experimental rates 
for wi-y, p>ty and K*°>K°y are obtained. [(¢+ny) is pre- 
dictedmvery. low,.0°2 Kev, and’ T(n"2p7) 7 ain 207) ea Zo soa) 


remains zero. Meanwhile, the baryon magnetic moments are 
} ; = —]le = ()he7@ eae 
quite distorted, Waves 1-28 and Ed Nes 0-0 
Quark anomalous magnetic moments, while loosening the 
VPy vertex structure somewhat, do not provide consistent 


predictions for the meson radiative decay rates and the 


baryon magnetic moments. 
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